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ANNUAL  REPORT 

DIVISION  OF  CANCER  TREATMENT 

Saul  A.  Schepartz,  Ph.D. 

Acting  Director 

The  Division  of  Cancer  Treatment  (DCT)  is  responsible  for  the  development  and 
evaluation  of  new  and  Improved  treatments  for  the  control  and  cure  of  cancer, 
utilizing  all  modalities  of  therapy,  including  surgery,  radiotherapy,  chemo- 
therapy and  immunotherapy.   It  is  the  primary  component  of  the  National  Cancer 
Program  responsible  for  coordinating  cancer  treatment  within  the  various 
elements  of  the  National  Cancer  Institute,  the  country  and  the  world.   Its 
responsibilities  are  carried  out  through  a  variety  of  mechanisms.   Investigator- 
initiated  laboratory  and  clinical  research  is  performed  under  the  auspices  of 
traditional  research  grants  funded  by  the  Division.   Targeted  activities  of 
the  Division,  such  as  drug  development,  are  carried  out  through  contracts  and 
clinical  Cooperative  Group.   Complementary  to  these  extramural  programs  are 
the  intramural  activities,  both  laboratory  and  clinical,  carried  out  by  the 
DCT  intramural  staff. 

Personnel  and  Organization 

The  Division  of  Cancer  Treatment  is  composed  of  four  program  areas,  each 
containing  a  series  of  operating  Laboratories  and  Branches  (Figure  I) . 
During  the  past  year,  a  significant  number  of  changes  have  occurred  in  both 
the  senior  personnel  and  organizational  composition  of  the  Division: 

1.  Dr.  DeVita  became  Acting  Director  of  the  National  Cancer  Institute  in 
January  1980,  upon  the  departure  of  Dr.  Upton.   Dr.  Schepartz  has 
served  as  Acting  Director,  Division  of  Cancer  Treatment,  since  that 
time. 

2.  Mr.  Michael  Goldrich  became  Administrative  Officer,  DCT,  replacing  Mr. 
Philip  Amoruso. 

3.  An  Administrative  Management  and  Planning  Branch  was  created  in  the 
Office  of  the  Director  to  coordinate  all  administrative  functions  for 
the  Division. 

4.  Dr.  John  Macdonald  joined  the  staff  as  Associate  Director  for  Cancer 
Therapy  Evaluation  Program  (CTEP) ,  replacing  Dr.  Franco  Muggia. 

5.  Dr.  David  Pistenma  joined  the  staff  as  Chief,  Radiotherapy  Development 
Branch,  CTEP. 

6.  The  Clinical  Projects  Branch,  CTEP,  has  been  abolished  and  merged  into 
the  Clinical  Investigations  Branch. 


7.  In  the  Developmental  Therapeutics  Program  (DTP),  the  Laboratory  of 
Toxicology,  with  both  intramural  and  extramural  components,  has  been 
abolished.   Intramural  portions  have  been  merged  into  other  laboratories 
within  DTP.   An  extramural  Toxicology  Branch  has  been  established,  but 

a  Chief  has  not  yet  been  selected. 

8.  Although  not  yet  established  as  a  specific  organizational  entity,  the 
biological  response  modifiers  effort  has  been  initiated  and  a  Director 
will  be  selected  shortly. 

The  reports  by  the  four  Associate  Directors,  as  well  as  their  respective 
Laboratory  and  Branch  Chiefs,  will  present  in  considerable  detail  the  work 
carried  out  in  each  program  area,  but  a  few  selected  highlights  will  be 
summarized  here,  as  well  as  a  brief  summary  of  some  of  the  activities  operated 
out  of  the  Office  of  the  Director. 

Biological  Response  Modifiers 

At  the  October  1979  meeting  of  the  DCT  Board  of  Scientific  Counselors,  the 
Subcommittee  on  Biological  Response  Modifiers  presented  a  preliminary  report 
of  its  recommendations  regarding  the  implementation  of  a  systematic  program 
in  that  area  of  investigation.   That  report  was  accepted  by  the  Board  and 
plans  have  been  initiated  to  implement  the  program.   Although  as  mentioned 
above,  a  specific  organizational  unit  has  not  yet  been  established  nor  has  a 
Director  been  appointed,  steps  have  been  taken  to  initiate  selected  projects 
during  FY-1980.   Specifically,  contracts  have  been  awarded  for  the  production 
of  100  billion  units  of  leukocyte  interferon  and  50  billion  units  of  fibroblast 
interferon.   Proposals  have  been  requested  and  have  already  been  reviewed  for 
contracts  to  carry  out  the  clinical  trials  utilizing  interferon,  thymosin  and 
MVE2  (a  pyran  polymer  derivative) ,  as  well  as  other  biological  response 
modifiers  that  will  later  be  identified,  utilizing  a  new  type  of  contract  (at 
least  for  the  NCI)  called  quick  reaction  task  order  contracts.   In  this 
approach  individual  tasks  can  be  assigned  very  rapidly  to  one  or  more  organi- 
zations among  a  large  group  of  contractors.   This  system  has  already  been 
utilized  effectively  for  synthesis  contracts.   A  number  of  other  projects 
have  been  initiated  in  the  Biological  Response  Modifiers  Program  and,  in 
addition,  a  series  of  investigator-initiated  research  grants  that  might  not 
have  been  funded  utilizing  regular  grant  funds,  have  been  awarded  with  funds 
set  aside  for  the  Biological  Response  Modifiers  Program.   Thus,  the  first 
year  of  operation  has  been  marked  by  several  specific  accomplishments  in 
implementing  the  recommendations  of  the  Board  of  Scientific  Counselors. 

Developmental  Therapeutics  Program 

The  Developmental  Therapeutics  Program  (DTP),  under  Dr.  Vincent  T.  Oliverio 
as  Associate  Director,  is  responsible  for  essentially  all  preclinical  aspects 
of  the  program,  both  intramural  and  extramural,  including  investigator- 
initiated  studies  in  biochemistry  and  pharmacology;  drug  design  and  acquisition; 
development  and  use  of  experimental  test  systems  for  drug  evaluation;  detailed 
experimental  evaluation  of  drugs  individually  and  in  combination  with  other 
drugs  and  treatment  modalities;  production  and  formulation  of  drugs  for 
preclinical  and  clinical  evaluation;  and  studies  on  the  preclinical  toxicology, 
pharmacology  and  biochemistry  of  drugs  of  interest. 


During  the  past  year,  13,845  synthetic  compounds  and  522  crystalline  fermen- 
tation, animal  and  plant  products  were  accessioned  into  the  DTP  as  candidates 
for  primary  screening.   Because  of  the  time  lag  between  acquisition  and 
actual  screening,  as  well  as  variations  from  year  to  year  in  backlog,  the 
number  of  materials  actually  tested  from  April  1,  1979  to  March  31,  1980, 
represent  a  total  of  21,563  materials  (15,679  synthetic  compounds  and  5,884 
crude  natural  products) .   A  total  of  388  compounds  were  selected  for  the 
tumor  panel,  while  14  new  compounds  were  selected  for  further  development  as 
evidenced  by  passing  Decision  Network  IIA  (see  report  of  the  Associate  Director 
for  Developmental  Therapeutics  Program,  Table  I) .   It  is  interesting  to  note 
that  materials  passing  IIA  included  not  only  chemotherapeutic  agents  but  also 
radiosensitizers  and  one  agent  selected  for  its  activity  as  an  antiemetic 
agent.   It  is  also  interesting  to  note  that  the  first  purified  material 
obtained  from  a  marine  organism  recently  passed  Decision  Network  IIA  (after 
Table  I  was  prepared) . 

Because  of  continuing  technical  problems  with  the  xenograft  test  systems 
utilized  as  major  portions  of  the  tumor  panel,  a  significant  change  was  made 
during  the  past  year.   The  xenografts  were  changed  from  subcutaneous  implanta- 
tions to  implantations  under  the  subrenal  capsule.   This  provides  for  a  more 
rapid  screen  (nine  to  eleven  days)  while  maintaining  the  same  responses  to 
drugs.   It  should  facilitate  the  accomplishment  of  the  number  of  tests  required 
for  evaluation  of  these  experimental  systems. 

In  an  effort  to  study  thoroughly  the  use  of  in  vitro  experimental  systems  for 
screening,  efforts  were  made  this  year  to  establish  contracts  for  the  evaluation 
of  the  human  stem  cell  assay  developed  by  Dr.  Salmon  and  coworkers.   It  is 
hoped  that  such  systems  will  eventually  be  able  to  augment  or  possibly  replace 
our  current  screening  approaches. 

An  abbreviated  preclinical  toxicology  protocol  has  been  accepted  by  the  Food 
and  Drug  Administration  and  is  currently  being  implemented.   This  protocol, 
utilizing  primarily  the  mouse,  with  limited  confirmatory  studies  in  dogs, 
should  provide  for  a  more  rapid  evaluation  of  drugs  prior  to  Phase  I  clinical 
trials  and  should  be  significantly  less  costly  than  the  earlier  protocol.   At 
the  same  time,  it  will  not  sacrifice  the  safety  aspects  of  drug  evaluation 
prior  to  study  in  patients. 

Studies  have  continued  at  the  Frederick  Cancer  Research  Center  on  the  develop- 
ment and  production  of  human  lymphoblastoid  interferon.   In  addition  to 
providing  material  for  purification  and  sequencing  studies  by  Dr.  Anfinsen 
(NIAMDD),  these  efforts  have  resulted  in  methodologies  that  can  now  be  applied 
to  scale  up  and  production  for  clinical  trial,  should  the  decision  be  made  to 
produce  this  particular  type  of  interferon  in  those  facilities. 

In  the  intramural  laboratories  of  DTP,  a  large  variety  of  pharmacological  and 
other  studies  have  been  carried  out  with  a  number  of  new  and  old  drugs  of 
clinical  interest,  including  m-AMSA,  several  radiosensitizers,  dihydroxyanthra- 
cenedione,  AZQ,  PALA  and  others.   The  details  of  these  studies  may  be  found 
in  the  report  of  the  Associate  Director  for  Developmental  Therapeutics  Program. 


Studies  have  continued  on  the  T-cell  growth  factor,  TCGF,  discovered  in  the 
Laboratory  of  Tumor  Cell  Biology.   This  factor,  which  allows  prolonged  growth 
in  suspended  culture  of  human  T  lymphocytes  from  peripheral  blood  or  bone 
marrow,  has  potential  clinical  utility  and  is  undergoing  intensive  study 
within  that  Laboratory  and  in  the  Surgery  Branch,  Clinical  Oncology  Program. 

Cancer  Therapy  Evaluation  Program 

The  Cancer  Therapy  Evaluation  Program  (CTEP) ,  headed  by  Dr.  John  Macdonald  as 
Associate  Director,  is  responsible  for  all  grant-  and  contract-supported 
extramural  clinical  activities  of  the  DCT.   In  preparing  for  clinical  trials, 
they  assemble  the  preclinical  information  required  by  the  FDA  and  serve  as 
liaison  with  that  organization.   They  are  responsible  for  the  initiation  and 
monitoring  of  all  clinical  trials  conducted  under  the  auspices  of  the  Division. 
These  include  Phase  I  and  Phase  II  clinical  trials  and  in  some  instances 
disease-specific  Phase  III  clinical  trials  under  contract.   In  addition,  the 
grant-supported  Clinical  Cooperative  Group  Program  and  the  traditional  ROl 
and  POl  clinical  grants  are  in  this  area. 

In  carrying  out  its  responsibilities,  the  CTEP  has  divided  the  clinical  drugs 
into  three  categories  for  purposes  of  drug  distribution.   Group  A  drugs  are 
those  in  Phase  I  and  early  Phase  II  trials.   Distribution  of  those  drugs  is 
limited  to  contract-supported  investigators  and  others  who  are  members  of  the 
Phase  I  Working  Group.   After  a  drug  has  reached  broader  Phase  II  trials,  it 
enters  Group  B  and  is  then  made  available  to  Cooperative  Groups  and  other 
investigators  through  cancer  center  directors.   Once  a  drug  has  demonstrated 
activity  in  one  or  more  tumor  types,  it  is  then  moved  to  Group  C  (with  the 
approval  of  the  FDA) .   Drugs  in  that  category  can  be  distributed  to  investi- 
gators with  only  limited  reporting  requirements.   In  that  way,  drugs  that 
will  probably  become  commercially  available  but  which  are  not  yet  in  that 
category  can  be  provided  to  investigators  for  the  treatment  of  selected 
patients  without  excessive  administrative  burden. 

During  the  past  year,  IND  applications  were  filed  and  initial  clinical  studies 
activated  for  six  new  drugs — aclacinomycin,  AT-125,  2'-deoxycoformycin, 
dihydroxyanthracenedione,  AZQ  and  amygdalin.   In  addition,  six  drugs  passed 
Decision  Network  IV  denoting  movement  from  Phase  I  to  Phase  II  trials. 

At  the  end  of  the  last  fiscal  year  and  the  beginning  of  this  year,  contracts 
were  awarded  for  the  development  of  three  clinically  based  neutron  therapy 
facilities.   These  represent  ten-year  incrementally  funded  contracts  for 
construction  of  suitable  facilities,  purchase  of  high-LET  neutron  generators, 
and  performance  of  the  clinical  trials  necessary  to  evaluate  this  potentially 
improved  form  of  radiotherapy. 

The  NCI  presented  a  proposal  to  the  FDA  for  movement  of  Delta-9-Tetrahydro- 
cannabinol  (THC)  into  its  Group  C  category  for  wider  distribution.   The 
clinical  data  have  clearly  shown  that  THC  is  useful  as  an  antiemetic  agent 
and  may,  in  fact,  be  better  than  standard  therapy  for  the  relief  of  nausea 
and  vomiting  in  patients  being  treated  with  cancer  chemotherapeutic  agents. 
The  FDA  Oncology  Advisory  Committee  approved  this  proposal  from  the  NCI,  and 
it  is  currently  awaiting  official  approval  by  the  FDA  staff.   Specific  plans 


have  been  developed  by  DCT  to  cope  with  the  potentially  very  large  demand  for 
supplies  of  THC,  and  it  is  hoped  that  if  all  proceeds  satisfactorily,  THC 
will  be  available  for  distribution  by  the  fall  of  1980. 

After  many  years  of  clinical  evaluation,  daunorubicin  (daunomycin)  has  been 
approved  by  the  FDA  for  marketing  by  Ives  Laboratories.   This  approval  was 
based  primarily  on  clinical  data  developed  in  the  United  States  under  NCI 
auspices. 

Clinical  studies  supported  or  sponsored  by  the  CTEP,  through  both  contract 
and  grant  funding,  have  continued  to  provide  new,  useful  results.   The 
following  are  some  of  the  recent  highlights  of  these  studies: 

Breast  Cancer 

1.  Studies  at  NCI-Milan  now  show  that  pre-  and  postmenopausal  females  with 
Stage  II  breast  cancer  receiving  adequate  doses  of  combination  chemo- 
therapy have  improved  overall  survival  compared  to  untreated  patients. 

2.  National  Surgical  Adjuvant  Breast  Cancer  project  #B-09  has  demonstrated 
that  the  addition  of  an  antiestrogen  drug  to  chemotherapy  improves 
disease-free  survival  in  postmenopausal  women  with  Stage  II  breast 
cancer.   This  improvement  is  seen  in  patients  whose  tumors  contained 
estrogen  receptor  proteins. 

Lung  Cancer 

1.  A  Lung  Cancer  Study  Group  protocol  testing  intrapleural  BCG  as  an 
adjuvant  to  surgery  has  proved  this  to  be  no  better  than  surgery  alone. 

2.  This  same  protocol  clarified  the  staging  of  non-oat  cell  lung  cancer  by 
showing  that  one  group  of  WHO  Stage  I  patients  (TjNg)  had  a  much  better 
prognosis  than  other  Stage  I  patients  (TiN^,  T2N0).   The  T]^Nq  patients 
have  a  90%  disease-free  survival  with  surgery  alone  while  the  TjN]^  and 
T2NQ  patients  have  survivals  of  50%. 

3.  A  Lung  Cancer  Study  Group  protocol  in  resected  Stage  II  and  III  patients 
has  shown  that  cyclophosphamide,  adriamycin  and  platinum  chemotherapy 

is  superior  to  immunotherapy  as  an  adjuvant  to  surgery. 

Rectal  Cancer 

1.   Major  advances  in  the  adjuvant  therapy  of  rectal  cancer  have  been 

achieved  through  studies  supported  by  the  DCT.   The  Gastrointestinal 
Tumor  Study  Group  has  shown  that  treatment  with  radiation  therapy, 
chemotherapy  or  radiation  plus  chemotherapy  is  statistically  superior 
to  no  postoperative  therapy. 

Gastric  Cancer 

1.   The  Gastrointestinal  Tumor  Study  Group  has  shown  that  the  combination 

of  chemotherapy  and  radiation  therapy  has  resulted  in  20  percent  disease- 
free  survival  at  3-4  years  in  patients  with  partially  resected  gastric 
cancer.   All  patients  with  this  stage  of  disease  die  with  no  therapy. 
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2.   The  DCT-supported  combination  chemotherapy  studies  in  advanced  gastric 
cancer  have  shown  that  the  combination  of  5-FU,  adriamycin  and  mitomycin 
C  (FAM)  produces  a  40-50%  response  rate.   Previously  the  response  rate 
in  gastric  cancer  was  20%. 

Small  Cell  Cancer  of  the  Lung 

1.   The  use  of  combinations  of  drugs  along  with  x-ray  therapy  has  improved 
survival  of  patients  with  extensive  small  cell  lung  cancer.   The  use  of 
this  regimen  in  patients  with  limited  disease  has  produced  long-term 
survivors  free  of  cancer.   Several  clinical  trials  have  confirmed  these 
results. 

Osteosarcoma 

1.   A  controlled  prospectively  randomized  study  of  adjuvant  high-dose 

methotrexate  performed  at  the  Mayo  Clinic  has  shown  this  treatment  to 
be  no  better  than  surgery  alone.   This  finding  will  allow  the  initiation 
of  well-controlled  studies  to  test  aggressive  combined  modality  therapy 
in  this  disease. 

Clinical  Oncology  Program 

The  Clinical  Oncology  Program  (COP),  under  Dr.  John  Ziegler  as  Associate 
Director  and  Deputy  Clinical  Director,  consists  of  seven  intramural  Branches — 
Medicine,  Radiation  Oncology,  Pediatric  Oncology,  Surgery,  Biometric  Research, 
and  Clinical  Pharmacology  in  Bethesda,  as  well  as  the  NCI-VA  Medical  Oncology 
Branch  at  the  Washington  Veterans  Administration  Hospital.   These  Branches 
carry  out  a  wide  variety  of  clinical  and  laboratory  studies  including  Phase 
I,  II  and  III  clinical  studies,  pharmacokinetic  studies  and  laboratory  research 
in  clinical  pharmacology,  cell  biology,  cytogenetics,  tumor  cell  kinetics, 
tumor  immunology,  biological  response  modifiers,  epidemiology  and  toxicology. 
During  the  next  year  the  VA  Medical  Oncology  Branch  will  be  initiating  its 
move  to  the  National  Naval  Medical  Center  in  Bethesda.   This  should  provide 
for  a  closer  working  relationship  with  the  other  Branches  on  the  Bethesda 
campus  as  well  as  a  new  collaboration  with  the  Navy.   During  the  next  year  a 
number  of  physical  changes  will  be  required  as  a  result  of  the  completion  of 
the  Ambulatory  Care  Research  Facility  (ACRE)  in  the  Clinical  Center.   Further- 
more, the  radiation  oncology  facilities  that  have  been  under  construction  for 
some  time  will  be  completed  in  the  near  future.   The  report  of  the  Associate 
Director  contains  a  lengthy  summary  of  highlights  from  each  of  the  intramural 
Branches. 

Baltimore  Cancer  Research  Program 

The  Baltimore  Cancer  Research  Program,  under  Dr.  Peter  Wiernik  as  Acting 
Associate  Director,  consists  of  three  operating  intramural  groups — a  Clinical 
Oncology  Branch  and  Laboratories  of  Clinical  Biochemistry  and  Molecular 
Biology.   The  Clinical  Oncology  Branch  has  continued  to  pursue  Phase  I  and  II 
drug  testing,  including  studies  on  many  of  the  new  drugs  previously  listed. 
In  addition.  Phase  III  studies  of  hyperthermia  and  chemotherapy  are  in  progress, 
as  well  as  other  selected  Phase  III  studies  with  drugs  of  particular  interest 


in  adult  leukemia.   Many  of  the  clinical  studies  are  performed  in  collaboration 
with  various  DCT  Branches  in  the  Clinical  Oncology  Program  in  Bethesda. 
Furthermore,  there  is  a  close  collaboration  with  the  laboratory  activities  at 
BCRP  leading  to  a  highly  integrated  overall  approach  to  studies  of  various 
diseases  of  interest  to  the  overall  program.   Specifically,  studies  in  the 
areas  of  drug  free  radical  pharmacology,  hyperthermia,  interferon  and  other 
biological  response  modifiers,  and  problems  of  supportive  therapy.   Additional 
details  of  the  various  studies  are  presented  in  the  report  of  the  Acting 
Associate  Director. 

International  Treatment  Research 

The  DCT  activities  in  international  treatment  research  are  coordinated  in  the 
Office  of  the  Director  by  Dr.  Abraham  Goldin,  Assistant  Director  for  Inter- 
national Treatment  Research.   These  activities  include  liaison  offices  at  the 
Institut  Jules  Bordet  in  Brussels  and  the  Japanese  Foundation  for  Cancer 
Research  in  Tokyo;  international  agreements  with  the  USSR,  France,  Japan, 
Hungary,  Federal  Republic  of  Germany,  Italy,  People's  Republic  of  China, 
Egypt,  Poland,  and  the  Pan  American  Health  Organization  (PAHO) ;  and  close 
working  relationships  with  leading  investigators  in  the  United  Kingdom  and 
other  countries  throughout  the  world.   These  programs  include  exchanges  of 
scientists,  drugs,  clinical  protocols  and  other  expertise,  and  have  resulted 
in  the  provision  of  drugs  not  otherwise  available,  valuable  exchanges  of 
information  and  a  general  enhancement  of  preclinical  and  clinical  research  in 
this  country  and  abroad. 

Of  particular  interest  is  a  new  arrangement  being  developed  with  the  European 
Organization  for  Research  and  Treatment  of  Cancer  (EORTC) ,  through  the  liaison 
office  in  Brussels,  whereby  selected  new  drugs,  that  might  otherwise  not  be 
studied,  will  be  provided  for  toxicology  and  initial  clinical  evaluation  in 
Europe.   This  approach  will  amplify  the  number  of  drugs  available  for  clinical 
study  at  little  or  no  cost  to  the  NCI. 

During  the  next  year,  particular  attention  will  be  given  to  the  agreement 
recently  signed  with  the  People's  Republic  of  China.   Joint  efforts  will  be 
developed  in  several  areas  of  treatment,  such  as  preclinical  drug  exchanges 
and  clinical  diseases  of  great  concern  in  China. 

Detailed  descriptions  of  these  and  other  activities  are  described  in  Dr.  Goldin 's 
report. 

Scientific  Information  Activities 

Information  activities  in  the  Office  of  the  Director  are  located  primarily  in 
two  sections — The  Publications  Section  under  Ms.  Jean  Baum,  and  the  Literature 
Research  Section  under  Ms.  Eleanor  Sloane.   The  Publications  Section  serves 
as  the  editorial  staff  for  Cancer  Treatment  Reports,  now  in  its  21st  year  as 
a  primary-source  scientific  journal.   The  journal  is  recognized  as  a  leading 
publication  of  reports  dealing  with  all  aspects  of  clinical  and  preclinical 
cancer  treatment,  as  evidenced  by  its  continued  growth  and  respect  in  the 
scientific  community.   During  1979,  ten  issues  consisting  of  2,175  pages  were 
published.   The  total  distribution  is  currently  over  6,000  copies. 


The  Literature  Research  Section  has  been  responsible  for  directing  the 
publication,  under  contract,  of  Cancer  Therapy  Abstracts,  and  in  addition 
serves  as  a  resource  for  both  computerized  and  manual  literature  searches  for 
the  DCT  staff,  particularly  in  relation  to  drugs  scheduled  for  review  at 
Decision  Network  meetings.   The  publication  of  Cancer  Therapy  Abstracts  is 
currently  drawing  to  a  close,  the  present  availability  of  other  secondary 
publications  making  this  journal  no  longer  necessary. 
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Publications 

Cline,  M.  J.,  DeVita,  V.  T.,  Friedman,  M. ,  Ganz,  S.  B.,  Justice,  G.  R. , 
Napolitano,  L.  V.,  and  Norman,  F.  W. :   Decision-making  in  cancer  chemotherapy. 
Patient  Care  13:  25-125,  1979. 

DeVita,  V.  T. :   Cancer  treatment.   In:  Medicine  for  the  Layman  Series, 
Bethesda,  Maryland,  NIH  Publication  No.  80-1807,  1979. 

DeVita,  V.  T. :   Human  models  of  human  diseases:   Breast  cancer  and  the 
lymphomas.   Intl.  J.  Rad.  One.  Biol.  Phys.  5:  1855-1867,  1979. 

DeVita,  V.  T. :   Principles  of  cancer  therapy.   In  Isselbacher,  K.  L.,  Adams, 
R.  D. ,  Braunwald,  E.,  Petersdorf,  R.  G.,  and  Wilson,  J.  D.  (Eds.): 
Harrison's  Principles  of  Internal  Medicine,  9th  Ed.  New  York,  McGraw-Hill, 
1979,  pp.  1597-1620. 

DeVita,  V.  T.  and  Busch,  H.  (Eds.):   Methods  in  Cancer  Research,  Vol.  XVII, 
Part  B.   New  York,  Academic  Press,  Inc.,  1979. 

DeVita,  V.  T. ,  Calabresi,  P.,  Canellos,  G.  P.,  Rosenberg,  S.  A.,  Schein,  P.  S., 
and  Ultmann,  J.  E. :   An  annotated  bibliography  of  recent  literature.   References 
to  journal  articles  and  other  papers.   Ann.  Intern.  Med.  90:  996-1000,  1979. 

DeVita,  V.  T.  (Chrm.),  Calabresi,  P.,  Canellos,  G.  P.,  Rosenberg,  S.  A., 
Schein,  P.  S.,  and  Ultmann,  J.  E. :   Oncology.   In  Their,  S.  0.,  Moser,  R.  H, , 
and  Kay,  C.  F.  (Eds.):   Medical  Knowledge  Self-Assessment  Program  V:   Syllabus 
Pt.  I.  Philadelphia,  American  College  of  Physicians,  1979,  pp.  93-118. 

DeVita,  V.  T.,  Fisher,  R.  I.,  and  Berard,  C. :   Non-Hodgkin's  lymphoma. 
Cancer  Medicine,  (in  press) . 

DeVita,  V.  T. ,  Glatstein,  E.  J.,  Young,  R.  C,  Hubbard,  S.  P.,  Simon,  R.  M. , 
Ziegler,  J.  L. ,  and  Wiernik,  P.  H. :   Changing  concepts:   The  lymphomas. 
Presented  at  the  2nd  International  Conference  on  the  Adjuvant  Therapy  of 
Cancer,  March  28-31,  1979,  Tucson,  Arizona.   In  Salmon,  S.  E.  and  Jones,  S.  E. 
(Eds.):   New  York,  Grune  &  Stratton,  Inc.,  1979,  pp.  173-190. 

DeVita,  V.  T.,  Henney,  J.  E. ,  and  Stonehill,  E.:   Cancer  mortality:   The  good 
news.   Presented  at  the  2nd  International  Conference  on  the  Adjuvant  Therapy 
of  Cancer,  March  28-31,  1979,  Tucson,  Arizona.   In  Salmon,  S.  E.  and  Jones, 
S.  E.  (Eds.):   New  York,  Grune  &  Stratton,  Inc.,  1979,  pp.  15-20. 

DeVita,  V.  T. ,  Henney,  J.  E. ,  and  Weiss,  R.  B. :   Advances  in  the  multimodal 
primary  management  of  cancer.   Adv.  Intern.  Med.,  (in  press). 

DeVita,  V.  T.  and  Hubbard,  S.  P.:   Breast  cancer.  Merit  Students  Encyclopedia, 
(in  press) . 

Henney,  J.  E.  and  DeVita,  V.  T. :   The  evolution  of  primary  multimodality 
treatment  in  resectable  breast  cancer.   Cancer,  (in  press) . 
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Jordan,  W.  M. ,  Bodey,  G.  P.,  Rodriquez,  V.,  Ketchel,  S.  J.,  and  Henney,  J.  E. 

Miconazole  therapy  for  treatment  of  fungal  infections  in  cancer  patients. 
Antimicrobial  Agents  and  Chemother.  16:  792-797,  1979. 

Muggia,  F.,  Henney,  J.,  and  DeVita,  V.  T. :   General  progress  in  clinical 
chemotherapy  of  advanced  disease.   Springer-Verlag,  (in  press). 

Ultmann,  J.  E.  and  DeVita,  V.  T.  :   Hodgkin's  disease  and  other  lymphomas. 

In  Isselbacher,  K.  L. ,  Adams,  R.  D.,  Braunwald,  E.,  Petersdorf,  R.  G.,  and 
Wilson,  J.  D.  (Eds.):  Harrison's  Principles  of  Internal  Medicine,  9th  Ed. 
New  York,  McGraw-Hill,  1979,  pp.  1597-1620. 
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Division  of  Cancer  Treatment  Stratification 
Code     Description 

PDD      Preclinical  Drug  Development  Program 

IXX  Stage  I    -  Acquisition  of  Materials 

2A1  Stage  II   -  Basic  Screen  -  Determination  of  antitumor 

activity  of  new  agents. 
2B1  -  Develop  acceptable  experimental  formulation. 

282  -  Verification  Screen  -  Detailed  evaluation  of 

new  agents  --  dose,  route,  and  schedule 
dependency. 

283  -  Procurement  of  sufficient  amounts  of  new  agent 

for  preclinical  studies. 

3X1  Stage  III  -  Toxicology  and  pharmacology  in  large  animals. 

3X2  -  Production  and  formulation  for  clinical  trials. 

PBR      Preclinical  Basic  Research  - 

PBS         Biological  Studies  -  Includes  biochemistry,  blood  products, 

cell  ciology,  cell  kinetics,  nutrition,  immuno- 
biology,  markers,  molecular  biology,  radiobiology, 
transfusion  research,  data  processing. 

PTS         Treatment  Studies  -  Independent  treatments,  combined  modality 

therapy. 

CTR      Clinical  Trials  Research  - 

CTl  Phase  I  Clinical  Trials*  -  Initial  clinical  evaluation  of 

new  drugs,  clinical  pharmacology. 

CT2         Phase  II  Clinical  Trials*  -  Allocation  for  specific  disease- 
oriented  resources  to  study  whatever  chemotherapy 
(single  agents  or  combinations)  or  combined 
modality  regimens  have  highest  priority  for  initial 
efficacy  evaluation. 

CT3  Phase  III  Clinical  Trials*  -  Allocation  for  specific  disease- 

oriented  resources  to  study  whatever  chemotherapy 
or  combined  modality  regimens  have  highest 
priority  for  efficacy  evaluation  in  a  controlled 
clinical  setting. 

CT4         Phase  IV  Clinical  Trials*  -  Allocation  for  specific  disease- 
oriented  resources  to  evaluate  the  combined 
modality  approach  to  the  initial  therapeutic  attack 
on  local  or  regional  disease  in  an  attempt  to 
increase  the  number  of  patients  with  a  long 
disease-free  period. 
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CT5  Statistics,  data  processing,  other  clinical  trials  research. 

CSR      Clinical  Trials  Supportive  Research  -  Includes  Special  Pharmacology/ 

Toxicology,  cell  kinetics,  markers,  blood  products, 
transfusion  research,  protected  environment, 
hyperthermia,  nutrition,  statistics,  data  processing, 

MGT      Program  Management  -  Includes  administration,  dissemination  of 

information  to  medical  and  scientific  community. 

*Supportive  care  used  as  ancillary  therapy  should  be  prorated  among 
the  phases  of  clinical  trials  using  such  resources. 
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TABLE  I 
ANALYSIS  OF  CONTRACT  ACTIVITIES  FOR  FY80 


ANNUAL  LEVEL  x   PERCENT 


PDD  PRECLINICAL  DRUG  DEVELOPMENT  PROGRAM 

STAGE  I 

IXX  ACQUISITION  OF  MATERIALS 

STAGE  IIA 

2A1  DETERMINATION  OF  ANTI-TUMOR  ACTIVITY 

STAGE  IIB 

2B1  EXPERIMENTAL  FORMULATION  DEVELOPMENT 

2B2  DETAILED  EVALUATION  OF  NEW  AGENTS 

2B3  PROCURE.  OF  AGENTS  FOR  PRECLIN.  STUDIES 

STAGE  III 

3X1  TOXICOLOGY  &  PHARM.  IN  LARGE  ANIMALS 
3X2  PROD.  &  FORM.  FOR  CLINICAL  TRIALS 

PER  PRECLINICAL  BASIC  RESEARCH 

PBS  BIOLOGICAL  STUDIES 
PTS  TREATMENT  STUDIES 

CTR  CLINICAL  TRIALS  RESEARCH 

CT1  PHASE  I  CLINICAL  TRIALS 
CT2  PHASE  II  CLINICAL  TRIALS 
CT3  PHASE  III  CLINICAL  TRIALS 
CT4  PHASE  IV  CLINICAL  TRIALS 

CT5  OTHER  CLINICAL  TRIALS  RESEARCH 

CSR  CLINICAL  TRIALS  SUPPORTIVE  RESEARCH 

MGT  PROGRAM  MANAGEMENT 

TOTAL 


^    FY-80  FUNDING  REQUIREMENTS  AS  OF  MAY  31,  1980  FOR  ABOUT  292  CONTRACTS. 
.INCLUDED  ARE  ABOUT  17  SCHEDULE  A  CONTRACTS  (  $  1  1  ,  0  1  0  ,  <+56  )  AND  48  SCHEDULE  B 
CONTRACTS  ($8,902,566).  NOT  INCLUDED  ARE  FUNDS  UTILIZED  FOR  DIRECT  PURCHASE 
OF  CLINICAL  DRUGS  (ABOUT  $4,700,341)  AND  ONE  UNCLASSIFIED  CLINICAL  ONCOLOGY 
PROGRAM  CONTRACT  ( YO 1 -CMO-0  1  03 )  FOR  $48,500. 
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,035 
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,357 
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,593 
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.52 
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5 

.43 

4 

,854: 
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6 

.09 
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,979, 

.807 

6 

.25 

3, 

.326, 

.870 

4, 

,  17 

1  , 

.652, 

.937 

2. 

.07 

21, 

.390, 

,341 

26. 

.84 

2, 

,651  , 

4  17 

5 . 

.53 

3, 

.658, 

39S 

4. 

.59 

5, 

.427, 

.052 

6. 

,81 

6, 

.116, 

,  120 

7. 

.67 

3, 

.537, 

.354 

4. 

.44 

2, 

.899, 

,072 

3, 

.64 

1 , 

.209, 

.7  10 

1 . 

.52 

79, 

,707, 

,283 

100. 
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TABLE  II 
ANALYSIS  OF  CONTRACTS  BY  ACTIVITY 


ACTIVITY 


FOR  FISCAL  YEAR  1980 
AS  OF  05/31/80 


AREA       CONTRACT 

STAGE  I   AQUISITION  OF  MATERIALS: 
AGRICULTURE,  DEPARTMENT  OF 
ALABAMA,  UNIVERSITY  OF 
ARIZONA  STATE  UNIVERSITY 
ARIZONA  STATE  UNIVERSITY 
ARMY,  DEPARTMENT  OF,  FT.  DETRICK 
AR5/SPRAGUE-DAWLEY 
ARTHUR  D.  LITTLE,  INC. 
ARTHUR  D.  LITTLE,  INC. 
BATTELLE  MEMORIAL  INSTITUTE 
BRISTOL-MYERS  COMPANY 
BRISTOL-MYERS  COMPANY 
BRISTOL-MYERS  COMPANY 
BRITISH  COLUMBIA,  UNIVERSITY  OF 
CHARLES  RIVER  BREEDING  LABS. 
CHARLES  RIVER  BREEDING  LABS. 
CHARLES  RIVER  BREEDING  LABS. 
CHARLES  RIVER  BREEDING  LABS. 
CHARLES  RIVER  BREEDING  LABS. 
CHEMICAL  ABSTRACTS  SERVICE 
COLLABORATIVE  RESEARCH,  INC. 
FLOW  LABORATORIES,  INC. 
FLOW  LABORATORIES,  INC. 
HARLAN  INDUSTRIES 
HARLAN  INDUSTRIES 


# 

DOLLAR 
LEVEL 

Y01CM4000 1 

405, 

,275 

N01CM07355 

9, 

,092 

N01CM97262 

128, 

,000 

N01CM97297 

125, 

,084 

Y01CO60603 

209, 

,492 

NO  1CM87232 

15, 

,877 

N01CM07346 

72, 

,564 

N0  1CM97288 

10, 

,487 

N01CM07266 

135, 

,724 

NO  1CM77  138 

5-+, 

,000 

N0  1CM77  147 

19, 

,408 

N0  1CM87  180 

167, 

,200 

N0  1CM87236 

89, 

,000 

NO  1CM50598 

58, 

,344 

N0  1CM77U1 

48, 

,800 

N01CM87212 

13, 

,695 

N01CM90 163 

29, 

,  172 

NO  1CM97229 

69, 

,096 

NO  1CM'+3722 

529, 

,894 

N01CM07358 

16, 

,828 

N01CM07370  2,071,081 

N01CM97254  224,413 

N01CM50591  53,664 

N01CM77168  10,932 
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ANALYSIS  OF  CONTRACTS  BY  ACTIVITY 


ACTIVITY 


FOR  FISCAL  YEAR  1980 
AS  OF  05/31/80 


AREA  CONTRACT 

STAGE  I   AQUISITION  OF  MATERIALS: 

A. P.  HARLAN  INDUSTRIES 

A. P.  HARLAN  INDUSTRIES 

D.T.P.  HAWAII,  UNIVERSITY  OF 

D.T.P.  HAZLETON  LABORATORIES,  INC. 

A. P.  HEALTH  RESEARCH,  INC. 

D.T.P.  IIT  RESEARCH  INSTITUTE 

D.T.P.  IIT  RESEARCH  INSTITUTE 

D.T.P.  ILLINOIS,  UNIVERSITY  OF 

D.T.P.  ILLINOIS,  UNIVERSITY  OF 

O.D.  INSTITUT  JULES  BORDET 

D.T.P.  INSTITUTE  OF  CANCER  RESEARCH 

D.T.P.  INSTITUTE  OF  CANCER  RESEARCH 

O.D.  JAPANESE  FOUNDATION  FOR  CANCER  RESEARCH 

D.T.P.  KYOLJA,     NAKKO,     KOGYO    CO.,     LTD. 

A. P.  LABORATORY  SUPPLY  COMPANY,  INC. 

A. P.  LABORATORY  SUPPLY  COMPANY,  INC. 

A. P.  LEO  GOODWIN  INST.  FOR  CANCER  RESEARCH 

D.T.P.  LITTON  BIONETICS,  INC. 

_D.T.P.  LITTON  BIONETICS,  INC. 

D.T.P.  MELOY  LABORATORIES,  INC. 

D.T.P.  MIAMI,  UNIVERSITY  OF 

D.T.P.  MICHIGAN  TECHNOLOGICAL  UNIVERSITY 

.D.T.P.  MICROBIAL  CHEMISTRY  RESEARCH  FDN. 

"a. P.  MICROBIOLOGICAL  ASSOCIATES 


# 

DOLLAR 
LEVEL 

N01CM97242 

51, 

172 

N01CM972'^3 

38, 

986 

NO  1CM337^7 

86, 

360 

N01CM97217 

96, 

000 

NO  1CM77 101 

16, 

,417 

N01CM07359 

19, 

,377 

N01CM97213 

59, 

,890 

NO  1CM97259 

99, 

.837 

NO  1CM97295 

1  19; 

,205 

NO  ICMSSS'+O 

28, 

,  170 

NO  1CM<+3736 

52, 

.500 

N01CM77139 

52, 

,500 

NO 1CM2205^ 

5, 

,600 

NO  1CM87190 

100, 

,000 

NO 1CM50577 

58, 

,656 

N01CM972't'^ 

40, 

,963 

NO  1CM77165 

18, 

,470 

NO  1C075380 

198, 

,720 

N01CO75380 

1  ,887, 

,840 

N01CM07378 

988, 

,520 

N01CM97290 

20, 

,  145 

NO  1CM07293 

95, 

,000 

NO  1CM57009 

99, 

,000 

N01CM97246 

44, 

,7  12 

ANALYSIS  OF  CONTRACTS  BY  ACTIVITY 


ACTIVITY 


FOR  FISCAL  YEAR  1980 
AS  OF  05/31/80 


CONTRACT 
STAGE  I   AQUISITION  OF  MATERIALS: 
MICROBIOLOGICAL  ASSOCIATES 
MISSOURI,  UNIVERSITY  OF 
MISSOURI,  UNIVERSITY  OF 
MURPHY  BREEDING  LABS.,  INC. 
NORTHRUP  SERVICES,  INC. 

PAPANICOLAOU  CANCER  RESEARCH  INSTITUTE 
PARKE,  DAVIS  AND  COMPANY 
POLYSCIENCES,  INC. 
PURDUE  RESEARCH  FOUNDATION 
RALTECH  SCIENTIFIC  SERVICES,  INC. 
RESEARCH  TRIANGLE  INSTITUTE 
SASCO,  INC. 
SIMONSEN  LABORATORIES 
SIMONSEN  LABORATORIES 
SIMONSEN  LABORATORIES 
5ISA,  INC. 

SMALL  BUSINESS  ADMINISTRATION 
SOUTHERN  ANIMAL  FARMS 
SOUTHERN  ANIflAL  FARMS 
SOUTHERN  RESEARCH  INSTITUTE 
SOUTHERN  RESEARCH  INSTITUTE 

SOUTHUEST  FOUNDATION  FOR  RESEARCH  &  EDUCATION 
STANFORD  RESEARCH  INSTITUTE 
STARKS  ASSOCIATES,  INC. 


« 

DOLLAR 
LEVEL 

NO  1CM97287 

5, 

.500 

N01CM87157 

17, 

.244 

NO  1CM9721 1 

16, 

,793 

NO  1CM50579 

55; 

,224 

N01CM07286 

12, 

,266 

N0  1CMS7230 

27, 

,950 

N0  1CM77  146 

43, 

,  194 

N01CM77070 

49, 

,655 

N0  1CM97296 

138, 

,211 

N0  1CMS7  182 

125, 

,000 

N01CM97261 

132, 

,000 

N01CM90164 

25, 

,272 

N0  1CM5057S 

6  1, 

,  152 

N01CM77  166 

21, 

,051 

N0  1CM97247 

69, 

,804 

N01CM0735'^ 

24, 

,039 

N01CM43719 

111, 

,991 

NO  1CM50599 

57, 

,408 

NO  1CM972^5 

40, 

,370 

N01CM07260 

43, 

,  118 

N01CM97309 

21, 

,205' 

NO  1CM07356 

20, 

,052 

NO  1CM87207 

194; 

,000 

NO  1CM07357 

24, 

,097 

19 


ANALYSIS  OF  CONTRACTS  BY  ACTIVITY 


ACTIVITY 


FOR  FISCAL  YEAR  1980 
AS  OF  05/31/80 


AREA       CONTRACT 

STAGE  I   AQUI5ITI0N  OF  MATERIALS: 

D.T.P.  STARKS  ASSOCIATES.  INC. 

A. P.  TACONIC  FARMS 

D.T.P.  UPJOHN  COMPANY 

D.T.P.  VETERANS  ADMINISTRATION  HOSPITAL 

D.T.P.  VSE,  CORPORATION 

D.T.P.  WARNER  LAMPERT 

D.T.P.  WISCONSIN.  UNIVERSITY  OF 


TOTAL 


# 

DOLLAR 
LEVEL 

NO 1CMS7206 

381  ,777 

NO 1CM50597 

^3,  160 

NO  1CM77  100 

156,  188 

YO  1CM60  102 

51,300 

N01CM07251 

12^^,731 

NO  1Cn07292 

895,000 

N01CM97289 

8,  1^^ 

1  1  ,8^2,058 

20 


ANALYSIS  OF  CONTRACTS  BY  ACTIVITY 


ACTIVITY 


FOR  FISCAL  YEAR  1980 
AS  OF  05/31/80 


AREA  CONTRACT 

STAGE  II   BASIC  SCREEN: 

D.T.P.  ARMY,  DEPARTMENT  OF,  FT.  DETRICK 

A. P.  ARS/SPRAGUE-DAWLEY 

D.T.P.  ARTHUR  D.  LITTLE,  INC. 

D.T.P.  ARTHUR  D.  LITTLE,  INC. 

D.T.P.  BATTELLE  MEMORIAL  INSTITUTE 

D.T.P.  BATTELLE  MEMORIAL  INSTITUTE 

D.T.P.  BRISTOL-MYERS  COMPANY 

D.T.P.  BRISTOL-MYERS  COMPANY 

D.T.P.  CATHOLIC  MEDICAL  CTR  OF  BROOKLYN  AND  QUEENS 

A. P.  CHARLES  RIVER  BREEDING  LABS. 

A. P.  CHARLES  RIVER  BREEDING  LABS. 

A. P.  CHARLES  RIVER  BREEDING  LABS. 

A. P.  CHARLES  RIVER  BREEDING  LABS. 

A. P.  CHARLES  RIVER  BREEDING  LABS. 

A. P.  HARLAN  INDUSTRIES 

A. P.  HARLAN  INDUSTRIES 

A. P.  HARLAN  INDUSTRIES 

A. P.  HARLAN  INDUSTRIES 

,A.P.  HEALTH  RESEARCH,  INC. 

D.T.P.  IIT  RESEARCH  INSTITUTE 

D.T.P.  INSTITUT  JULES  BORDET 

D.T.P.  INSTITUT  JULES  BORDET 

.O.D.  JAPANESE  FOUNDATION  FOR  CANCER  RESEARCH 

A. P.  LABORATORY  SUPPLY  COMPANY,  INC. 


» 

DOLLAR 
LEVEL 

Y01CO60603 

52, 

,373 

N01CM87232 

^3, 

,661 

N01CM07346 

266, 

,070 

N01CM53765 

46, 

,200 

N01CM07266 

"^97, 

,654 

N01CM67099 

495, 

,  945 

N01CM771'^7 

3, 

,425 

NO  1CM87 180 

12, 

,540 

N01CM67081 

12; 

,000 

N01CM50598 

160, 

,446 

N01CM771'i1 

134, 

,200 

N01CM87212 

37, 

.662 

N01CM90 163 

80, 

,223 

NO  1CM97229 

190, 

,014 

NO  1CM50591 

147, 

,576 

N01CM77168 

30, 

,064 

N01CM97242 

140, 

,723 

NO  1CM97243 

107. 

,212 

NO  1CM77  10  1 

45, 

,  146 

N01CM97213 

194, 

,643 

N01CM07350 

198, 

,292 

N01CM570'+0 

63, 

,600 

NO  1CM2205^ 

22, 

,400 

N01CM50577 

161; 

,304 
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ANALYSIS  OF  CONTRACTS  BY  ACTIVITY 


ACTIVITY 


FOR  FISCAL  YEAR  1980 
AS  OF  05/31/80 


AREA       CONTRACT 

STAGE  II   BASIC  SCREEN: 

A. P.  LABORATORY  SUPPLY  COMPANY,  INC. 

A. P.  LEO  GOODWIN  INST.  FOR  CANCER  RESEARCH 

D.T.P.  LITTON  BIONETICS,  INC. 

D.T.P.  LITTON  BIONETICS,  INC. 

A. P.  MASON  RESEARCH  INSTITUTE 

D.T.P.  MICHIGAN  TECHNOLOGICAL  UNIVERSITY 

D.T.P.  MICROBIAL  CHEMISTRY  RESEARCH  FDN. 

A. P.  MICROBIOLOGICAL  ASSOCIATES 

A. P.  MICROBIOLOGICAL  ASSOCIATES 

A. P.  MISSOURI,  UNIVERSITY  OF 

A. P.  MISSOURI,  UNIVERSITY  OF 

A. P.  MURPHY  BREEDING  LABS.,  INC. 

A. P.  NORTHRUP  SERVICES,  INC. 

A. P.  PAPANICOLAOU  CANCER  RESEARCH  INSTITUTE 

D.T.P.  PARKE,  DAVIS  AND  COMPANY 

D.T.P.  RESEARCH  TRIANGLE  INSTITUTE 

A. P.  SASCO,  INC. 

A. P.  SIMONSEN  LABORATORIES 

_A.P.  SIMONSEN  LABORATORIES 

A. P.  SIMONSEN  LABORATORIES 

A. P.  SOUTHERN  ANIMAL  FARMS 

A. P.  SOUTHERN  ANIMAL  FARMS 

_D.T.P.  SOUTHERN  RESEARCH  INSTITUTE 

A. P.  TACONIC  FARMS 


N01CM97244 
N01CM77 165 
NO  1CO75380 
N01C075380 
N01CM8716'=t 
N01CM07293 
NO  1CM57009 
NO  1CM972^6 
NO  1CM97287 
N01CM87 157 
NO  1CM9721  1 
N01CM50579 
N01CM07286 
N01CMS7230 
NO  1CM77  146 
N01CM97261 
NO  1CM90  164 
N01CM50578 
N01CM77  166 
NO  1CM97247 
NO  1CM50599 
NO  1CM972't5 
NO  1CM97309 
NO  1CM50597 


DOLLAR 
LEVEL 


I  12,648 
50,791 

47  1,960 

49,680 

11,  123 

5,000 

66,000 

122,958 
15,  125 
47,422 
46,  181 

151,866 
33,732 
76,863 
7,623 
15,000 
69,498 

168,  168 
57,891 

191  ,96  1 

157,872 

I I  1,0  18 
678,574 
1 18,690 
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ANALYSIS  OF  CONTRACTS  BY  ACTIVITY 


ACTIVITY 


FOR  FISCAL  YEAR  1980 
AS  OF  05/31/80 


AREA 


D.T.P. 
D.T.P. 


CONTRACT 
STAGE  II   BASIC  SCREEN: 
UPJOHN  COMPANY 
VSE,  CORPORATION 


TOTAL 


# 

DOLLAR 
LEVEL 

NO  1CM77100 

27,563 

NO  1CM07251 

516,7^4 

6,525,32^ 
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ANALYSIS  OF  CONTRACTS  BY  ACTIVITY 

ACTIVITY  FOR  FISCAL  YEAR  1980 

AS  OF  05/31/80 

AREA  CONTRACT 

STAGE  II   FORMULATION: 

D.T.P.  BEN  VENUE  LABORATORIES,  INC. 

D.T.P.  BEN  VENUE  LABORATORIES,  INC. 

D.T.P.  IOWA,  UNIVERSITY  OF 

D.T.P.  MEDICAL  RESEARCH  COUNCIL 

D.T.P.  PHILIPS  ROXANE  LABORATORIES,  INC. 

D.T.P.  YAMANOUCHI  PHARMACEUTICAL  CO. 

TOTAL 


ft 

DOLLAR 
LEVEL 

NO  1Cri97298 

^8,000 

N01CM97298 

95,000 

NO  ICM'iSy^S 

19,000 

NO  1CM87  17  1 

4,800 

NO 1CM67053 

19,896 

N01CM97307 

42,000 

228,696 
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ANALYSIS  OF  CONTRACTS  BY  ACTIVITY 


ACTIVITY 


FOR  FISCAL  YEAR  1980 
AS  OF  05/31/80 


AREA       CONTRACT 

STAGE  II   VERIFICATION  SCREEN: 

D.T.P.  ARMY,  DEPARTMENT  OF,  FT.  DETRICK 

A. P.  ARS/SPRAGUE-DAWLEY 

D.T.P.  ARTHUR  D.  LITTLE,  INC. 

D.T.P.  ARTHUR  D.  LITTLE,  INC. 

D.T.P.  3ATTELLE  MEMORIAL  INSTITUTE 

D.T.P.  CATHOLIC  MEDICAL  CTR  OF  BROOKLYN  AND  QUEENS 

A. P.  CHARLES  RIVER  BREEDING  LABS. 

A. P.  CHARLES  RIVER  BREEDING  LABS. 

A. P.  CHARLES  RIVER  BREEDING  LABS. 

A. P.  CHARLES  RIVER  BREEDING  LABS. 

A. P.  CHARLES  RIVER  BREEDING  LABS. 

A. P.  HARLAN  INDUSTRIES 

A. P.  HARLAN  INDUSTRIES 

A. P.  HARLAN  INDUSTRIES 

A. P.  HARLAN  INDUSTRIES 

D.T.P.  HAZLETON  LABORATORIES,  INC. 

A. P.  HEALTH  RESEARCH,  INC. 

D.T.P.  IIT  RESEARCH  INSTITUTE 

.D.T.P.  INSTITUT  JULES  BORDET 

D.T.P.  INSTITUT  JULES  BORDET 

D.T.P.  INSTITUTE  OF  CANCER  RESEARCH 

A. P.  LABORATORY  SUPPLY  COMPANY,  INC. 

.A. P.  LABORATORY  SUPPLY  COMPANY,  INC. 

A. P.  LEO  GOODUIN  INST.  FOR  CANCER  RESEARCH 


» 

DOLLAR 
LEVEL 

Y01C060603 

130; 

,932 

N0  1CM87232 

19; 

,846 

N01CM073^6 

120; 

,941 

NO  1CM87  186 

150; 

,000 

NO  1CM07266 

226. 

,206 

N01CM670S1 

12, 

,000 

N0  1CM50598 

72, 

.930 

NO  1CM77  11+1 

61; 

,000 

N01CM87212 

17, 

,  1  19 

N01CM90163 

36, 

,465 

N0  1CM97229 

86, 

.370 

NO  1CM50591 

67, 

.080 

N01CM77168 

13, 

,666 

N01CM97242 

63, 

.965 

NO  1CM97243 

^8, 

,733 

NO  1CM97217 

■+8, 

.000 

N01CM77101 

20, 

.521 

NO  1CM97213 

't'^. 

.918 

N01CMC7350 

49, 

.573 

NO  1CM570'^0 

15, 

.900 

N0ICM'+3736 

52, 

.500 

NO  1CM50577 

73, 

.320 

NO  1CM972^'+ 

51, 

.204 

NO 1CM77  165 

23, 

,087 
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ANALYSIS  OF  CONTRACTS  BY  ACTIVITY 


ACTIVITY 


FOR  FISCAL  YEAR  1980 
AS  OF  05/31/80 


AREA       CONTRACT 

STAGE  II   VERIFICATION  SCREEN: 

D.T.P.  LITTON  BIONETICS,  INC. 

D.T.P.  LITTON  BIONETICS,  INC. 

D.T.P.  MEDICAL  RESEARCH  COUNCIL 

A. P.  MICROBIOLOGICAL  ASSOCIATES 

A. P.  MICROBIOLOGICAL  ASSOCIATES 

A. P.  MISSOURI,  UNIVERSITY  OF 

A. P.  MISSOURI,  UNIVERSITY  OF 

A. P.  MURPHY  BREEDING  LABS.,  INC. 

A. P.  NORTHRUP  SERVICES,  INC. 

A. P.  PAPANICOLAOU  CANCER  RESEARCH  INSTITUTE 

A. P.  SASCO,  INC. 

A. P.  SIMONSEN  LABORATORIES 

A. P.  SIMONSEN  LABORATORIES 

A. P.  SIMONSEN  LABORATORIES 

A. P.  SOUTHERN  ANIMAL  FARMS 

A. P.  SOUTHERN  ANIMAL  FARMS 

D.T.P.  SOUTHERN  RESEARCH  INSTITUTE 

A. P.  TACONIC  FARMS 

D.T.P.  VSE,  CORPORATION 


TOTAL 


« 

DOLLAR 
LEVEL 

NO  1CO75380 

124, 

,200 

N01C075380 

1,  179, 

,900 

N01CM87171 

7, 

,200 

NO  1CM972'+6 

55, 

,890 

N01CM97287 

6, 

,875 

N01CMS7157 

21  , 

,555 

N01CM9721 1 

20, 

,991 

N01CM50579 

69, 

,030 

N01CM07286 

15, 

,333 

N01CMS7230 

34, 

,938 

N01CM90  16'+ 

31, 

,590 

N01CM50578 

76, 

,440 

N01CM77166 

26, 

,314 

NO  1CM972't7 

87, 

.255 

N0  1CM50599 

7  1, 

.760 

NO  1CM972'+5 

50, 

.463 

N01CM97309 

551, 

.342 

NO  1CM50597 

53, 

.950 

NO  1CM07251 

178, 

,  188 

4, 169, 

.490 
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ANALYSIS  OF  CONTRACTS  BY  ACTIVITY 


ACTIVITY 


FOR  FISCAL  YEAR  1980 
AS  OF  05/31/80 


AREA  CONTRACT 

STAGE  II   PROCUREMENT  OF  PRECLINICAL  MATERIAL 

D.T.P.  AGRICULTURE,  DEPARTMENT  OF 

D.T.P.  ALDRICH  CHEMICAL  COMPANY,  INC. 

D.T.P.  ARIZONA  STATE  UNIVERSITY 

D.T.P.  ARMY,  DEPARTMENT  OF,  FT.  DETRICK 

D.T.P.  ASH  STEVENS,  INC. 

D.T.P.  BRISTOL-MYERS  COMPANY 

D.T.P.  CORDOVA  CHEMICAL  COMPANY 

D.T.P.  FLOW  LABORATORIES,  INC. 

D.T.P.  ILLINOIS,  UNIVERSITY  OF 

D.T.P.  LITTON  3I0NETICS,  INC. 

D.T.P.  LITTON  BIONETICS,  INC. 

D.T.P.  LITTON  BIONETICS,  INC. 

D.T.P.  LITTON  BIONETICS,  INC. 

D.T.P.  MIDWEST  RESEARCH  INSTITUTE 

D.T.P.  MONSANTO  RESEARCH  CORPORATION 

D.T.P.  PHARM-ECO 

D.T.P.  PURDUE  RESEARCH  FOUNDATION 

D.T.P.  RESEARCH  TRIANGLE  INSTITUTE 

.D.T.P.  RESEARCH  TRIANGLE  INSTITUTE 

D.T.P.  STANFORD  RESEARCH  INSTITUTE 

D.T.P.  STANFORD  RESEARCH  INSTITUTE 

D.T.P.  STARKS  ASSOCIATES,  INC. 

.D.T.P.  VETERANS  ADMINISTRATION  HOSPITAL 

D.T.P.  WARNER  LAMPERT 


# 

DOLLAR 
LEVEL 

Y01CM40001 

45, 

,031 

NO  1CM87202 

155, 

,643 

N01CM97297 

22, 

,074 

Y01CO60603 

43, 

,644 

N01CM8720'^ 

166, 

,483 

N01CM87 180 

29, 

,260 

NO 1CMS720  1 

125, 

,887 

N01CM97254 

1  12, 

,206 

NO  1CM97295 

21, 

,036 

N0  1CM073^7 

272, 

,069 

N01CM7713^ 

24, 

,000 

NO  1C075380 

393, 

,300 

NO  1C0753SO 

41, 

,400 

NO  1CMS7234 

50, 

,086 

NO  1CM97255 

70, 

.600 

N01CM87200 

145, 

,262 

NO  1CM97296 

24, 

.390 

N0  1CM9726 1 

3, 

,000 

NO  1CM97313 

170, 

,056 

NO  1CM871S3 

105, 

.246 

N01CM97256 

198, 

.056 

NO 1CMS7203 

268, 

.480 

YO  1CM60  102 

5, 

.700 

NO  1CM87  124 

194, 

.753 

27 


ANALYSIS  OF  CONTRACTS  BY  ACTIVITY 


AREA 


ACTIVITY 
CONTRACT 


FOR  FISCAL  YEAR  1980 
AS  OF  05/31/80 


DOLLAR 
LEVEL 


TOTAL 


2,687,662 
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ANALYSIS  OF  CONTRACTS  BY  ACTIVITY 


ACTIVITY 


FOR  FISCAL  YEAR  1980 
AS  OF  05/31/80 


AREA       CONTRACT  # 
STAGE  III   PHARMACOLOGY/TOXICOLOGY: 

D.T.P.  ARTHUR  D.  LITTLE,  INC.  N01CM87163 

D.T.P.  BATTELLE  MEMORIAL  INSTITUTE  N01CM437^6 

A. P.  HAZLETON  LABORATORIES,  INC.  N01CM60125 

D.T.P.  HAZLETON  LABORATORIES,  INC.  N01CM97217 

A. P.  LABORATORY  RESEARCH  ENTERPRISES,  INC.  N01CM60124 

D.T.P.  MARIO  NEGRI  INST  OF  PHARMACOLOGICAL  RESEARCH  N01CM97250 

A. P.  MARSHALL  RESEARCH  ANIMALS,  INC.  N01CM60123 

A. P.  MASON  RESEARCH  INSTITUTE  N01CMS716'+ 

D.T.P.  MEDICAL  RESEARCH  COUNCIL  N01CM87171 

D.T.P.  MOUNT  SINAI  SCHOOL  OF  MEDICINE  N01CM9729^ 

D.T.P.  OHIO  STATE  UNIVERSITY  RESEARCH  FOUNDATION  N01CM87161 

D.T.P.  OHIO  STATE  UNIVERSITY  RESEARCH  FOUNDATION  N01CM97264 

D.T.P.  SOUTHERN  RESEARCH  INSTITUTE  N01CM87162 

D.T.P.  SOUTHERN  RESEARCH  INSTITUTE  N01CM97263 

D.T.P.  SOUTHERN  RESEARCH  INSTITUTE  N01CM97309 

D.T.P.  TEXAS,  UNIVERSITY  OF,  SYSTEM  CANCER  CTR/MDA  N0  1CM87185 

D.T.P.  TEXAS,  UNIVERSITY  OF,  SYSTEM  CANCER  CTR/MDA  N0  1CM87233 


DOLLAR 
LEVEL 


725,000 

2,223,998 

"^1,000 

192,000 

^+,752 

75,000 

35,750 

107,062 

7,200 

7,600 

25,51+0 

98,327 

322,000 

16^,500 

^2,411 

228,000 

27,6  17 


TOTAL 


■^,327,757 
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ANALYSIS  OF  CONTRACTS  BY  ACTIVITY 


ACTIVITY 


FOR  FISCAL  YEAR  19S0 
AS  OF  05/51/80 


AREA       CONTRACT 

STAGE  III   PROD.  AND  FOR^.  FOR  CLINICAL  TRIALS^ 

D.T.P.  ALDRICH  CHEMICAL  COMPANY,  INC. 

D.T.P.  ASH  STEVENS,  INC. 

D.T.P.  BEN  VENUE  LABORATORIES,  INC. 

D.T.P.  3EN  VENUE  LABORATORIES,  INC. 

D.T.P.  CORDOVA  CHEMICAL  COMPANY 

D.T.P.  FL014  LABORATORIES,  INC. 

D.T.P.  FLOW  LABORATORIES,  INC. 

CTEP  GEQRGETCl.'N  UNIVERSITY 

D.T.P.  IC^JA,  UNIVERSITY  OF 

CO. P.  LITTON  BIONETICS,  INC. 

CTEP  MAYO  FOUNDATION 

D.T.P.  MID:.^EST  RESEARCH  INSTITUTE 

D.T.P.  MONSANTO  RESEARCH  CORPORATION 

D.T.P.  PHARM-ECO 

D.T.P.  PHILIPS  ROXANE  LABORATORIES,  INC. 

D.T.P.  RESEARCH  TRIANGLE  INSTITUTE 

D.T.P.  STANFORD  RESEARCH  INSTITUTE 

D.T.P.  STANFORD  RESEARCH  INSTITUTE 

.D.T.P.  STARK3  ASSOCIATES,  INC. 

D.T.P.  WARNER  LAMPERT 

D.T.P.  YAMANOUCHI  PHARMACEUTICAL  CO. 

TOTAL 


# 

DOLLAR 
LEVEL 

NO 1CMS7202 

155 

643 

NO  1CMS720'+ 

166 

483 

NO  1CM9729S 

^32 

000 

NO  1CM97298 

855 

000 

NO  1CM87201 

125 

887 

NO  1CM670SS 

231 

000 

N01CM97254 

37 

402 

NO  1CM97310 

3 

500 

NO  1CM437^3 

76 

000 

NO  1CM67067 

20 

000 

NO  1CM97268 

10 

804 

NO  1CMS723'+ 

200 

344 

N01CM97255 

635 

400 

NO 1CM87200 

I'+S 

262 

NO  1CM67C53 

79 

584 

NO 1CM97313 

42 

514 

NO  1CMS7  183 

420 

986 

N01Cn97256 

49 

514 

NO 1CM8720  3 

268 

480 

NO  1CMS7  12'+ 

194 

753 

MO  1Cn97307 

168 

000 

4,318 

556 

30 


ANALYSIS  OF  CONTRACTS  BY  ACTIVITY 


ACTIVITY 


FOR  FISCAL  YEAR  1980 
AS  OF  05/31/80 


AREA  CONTRACT 

PRECLIN.  BASIC  RES.  -  BIOLOGICAL  STUDIES-" 

D.T.P.  AMERICAN  TYPE  CULTURE  COLLECTION 

D.T.P.  ARTHUR  D.  LITTLE,  INC. 

CTEP  GEORGETOWN  UNIVERSITY 

CO. P.  HAZLETON  LABORATORIES,  INC. 

D.T.P.  HAZLETON  LABORATORIES,  INC. 

O.D.  INSTITUT  JULES  BORDET 

D.T.P.  LITTON  BIONETICS,  INC. 

CO. P.  LITTON  BIONETICS,  INC. 

D.T.P.  LITTON  BIONETICS,  INC. 

CO. P.  LITTON  BIONETICS,  INC. 

D.T.P.  LITTON  BIONETICS,  INC. 

BCRC  MARYLAND,  UNIVERSITY  OF 

A. P.  MASON  RESEARCH  INSTITUTE 

CTEP  MAYO  FOUNDATION 

D.T.P.  MIAMI,  UNIVERSITY  OF 

D.T.P.  SMALL  BUSINESS  ADMINISTRATION 

D.T.P.  SOUTHERN  RESEARCH  INSTITUTE 

CTEP  WALTER  REED  ARMY  MEDICAL  CENTER 

D.T.P.  WISCONSIN,  UNIVERSITY  OF 


TOTAL 


« 

DOLLAR 
LEVEL 

N01CM87158 

80, 

000 

N01CM97288 

59, 

,  108 

NO  1CM97310 

3, 

.500 

N01CM87156 

193, 

,200 

N01CM97217 

14^, 

.000 

N01CM538^0 

IS, 

,780 

N01CM073^7 

272, 

,069 

N01CM67067 

180, 

,000 

N01CM77134 

2^, 

,000 

N01CM87169 

202, 

,405 

N01CM87187 

721, 

,000 

NO  1CM'+37^8 

98<t, 

,500 

N0  1CM87  16'^ 

20, 

,856 

NO  1CM97268 

10, 

,804 

N01CM97290 

113; 

,545 

N01CM^3719 

^1 

,996 

N01CM97309 

21 

,205 

Y01CM80108 

12 

,000 

N01CM97289 

45, 

,902 

3,  154. 

,870 
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ANALYSIS  OF  CONTRACTS  BY  ACTIVITY 


ACTIVITY 


FOR  FISCAL  YEAR  1950 
AS  OF  05/31/80 


AREA  CONTRACT 

PRECLIN.  BASIC  RES.  -  TREATMENT  STUDIES: 

D.T.P.  ARTHUR  D.  LITTLE,  INC. 

D.T.P.  ARTHUR  D.  LITTLE,  INC. 

D.T.P.  BATTELLE  MEMORIAL  INSTITUTE 

D.T.P.  CATHOLIC  MEDICAL  CTR  OF  BROOKLYN  AND  QUEENS 

CO. P.  HAZLETON  LABORATORIES,  INC. 

CO. P.  LITTON  BIONETICS,  INC 

CO. P.  MASON  RESEARCH  INSTITUTE 

D.T.P.  MEDICAL  RESEARCH  COUNCIL 

D.T.P.  SOUTHERN  RESEARCH  INSTITUTE 

D.T.P.  SOUTHERN  RESEARCH  INSTITUTE 

D.T.P.  VSE,  CORPORATION 

TOTAL 


# 

DOLLAR 
LEVEL 

N01CM07346 

24; 

,  188 

NO  1CM53765 

37. 

-800 

NO 1CM07266 

<+5, 

,241 

NO  1CM67081 

6. 

,000 

N01CM87156 

82, 

,800 

NO  1CM87  169 

86. 

,745 

N0  1CM670  1  1 

230. 

,581 

NO  1CMS717  1 

4. 

,800 

NO  1CM97263 

70. 

,500 

NO  1CM97309 

805. 

,807 

N01CM07251 

71. 

,275 

1,465, 

,737 
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ANALYSIS  OF  CONTRACTS  3Y  ACTIVITY 


ACTIVITY 


FOR  FISCAL  YEAR  1980 
AS  OF  05/31/SO 


AREA  CONTRACT 

PROGRAM  MANAGEMENT: 

D.T.P.  ARTHUR  D.  LITTLE,  INC. 

CTEP  BOWMAN  GRAY  SCHOOL  OF  MEDICINE  OF  WAKE  FOREST 

O.D.  CDF  ASSOCIATES 

CTEP  CLINICA  NEUROCHIRURGICA  DELL  UNIVERSITA 

CTEP  CONTROL  DATA  CORPORATION 

CTEP  DUKE  UNIVERSITY 

CTEP  GEORGETOWN  UNIVERSITY 

CTEP  INDIANA  UNIVERSITY  FOUNDATION 

CTEP  INFORMATION  PLANNING  ASSOC. 

O.D.  INSTITUT  JULES  BORDET 

O.D.  JAPANESE  FOUNDATION  FOR  CANCER  RESEARCH 

CTEP  KENTUCKY,  UNIVERSITY  OF 

BCRC  MARYLAND,  UNIVERSITY  OF 

CTEP  MAYO  FOUNDATION 

CTEP  MEMORIAL  K05P.  FOR  CANCER  X  ALLIED  DISEASES 

D.T.P.  MIAMI,  UNIVERSITY  OF 

CTEP  MONTEFIGRE  HOSPITAL 

A. P.  NATIONAL  ACADEMY  OF  SCIENCES 

.A. P.  NATIONAL  ACADEMY  OF  SCIENCES 

BCRC  NATIONAL  CENTER  FOR  HEALTH  STATISTICS 

CTEP  NEW  YORK  UNIVERSITY  MEDICAL  CENTER 

CTEP  OHIO  STATE  UNIVERSITY  RESEARCH  FOUNDATION 

.CTEP  SAINT  LOUIS  UNIVERSITY  SCHOOL  OF  MEDICINE 

CTEP  TENNESSEE,  UNIVERSITY  OF 


» 

DOLLAR 
LEVEL 

N01CM9728S 

14> 

,300 

N01CM67054 

3, 

,622 

NO  1CM97  143 

3S  1, 

,543 

NO  1CM67056 

4, 

,223 

N01CM67107 

7, 

,500 

N01CM67010 

9, 

,261 

NO 1CM973  10 

3, 

,500 

NO  1CM6  7  0  57 

6, 

,328 

NO  1CM77  lOi^ 

164, 

,80  1 

NO  1CM53840 

46, 

,950 

NO 1CM22054 

1  1, 

,200 

N01CM67058 

4; 

,506 

N01CM437'+8 

196, 

,  900 

N0  1CM97268 

10, 

,804 

NO  1CM570 19 

3  . 

,600 

NO  1CM97290 

27, 

,471 

N0  1CM67  06  1 

8, 

,954 

N01CM53850 

36; 

,333 

NO  1CM57  0 13 

21, 

,000 

YO  1CN8  0 109 

12 

,000 

N01CM67059 

8 

,955 

NO  1CM67060 

4 

,366 

NO  1CM57020 

2 

,000 

NO  1CM57021 

5 

,500 
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ANALYSIS  OF  CONTRACTS  BY  ACTIVITY 


ACTIVITY 


FOR  FISCAL  YEAR  1980 
AS  OF  05/31/80 


AREA       CONTRACT 

PROGRAM  MANAGEMENT: 
CTEP       VALUE  ENGINEERING  COMPANY 
D.T.P.     WISCONSIN,  UNIVERSITY  OF 
CTEP       W5A,  INC. 


TOTAL 


ft 

DOLLAR 
LEVEL 

N01CM87  192 

196,550 

N01CM97289 

1  1,  105 

NO  1C085'+06 

6,438 

1,209,710 
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ANALYSIS  OF  CONTRACTS  BY  ACTIVITY 


ACTIVITY 


FOR  FISCAL  YEAR  1980 
AS  OF  05/31/80 


AREA 

D.T.P. 

CTEP 

CTEP 

O.D. 

CTEP 

BCRC 

CTEP 

CTEP 

CTEP 

D.T.P. 

CTEP 

D.T.P. 

CTEP 

D.T.P. 

CTEP 

CTEP 

CTEP 

CTEP 

D.T.P. 


CONTRACT  S 

PHASE  I   CLINICAL  TRIALS: 

ARTHUR  D.  LITTLE,  INC.  N01CM972S8 

GEORGETOWN  UNIVERSITY  N0  1CM97208 

GEORGETOWN  UNIVERSITY  N01Cn97310 

JAPANESE  FOUNDATION  FOR  CANCER  RESEARCH  N01CN22054 

KANSAS,  UNIVERSITY  OF-MEDICAL  CENTER  N0  1CM97272 

MARYLAND,  UNIVERSITY  OF  N0  1CM43748 

MAYO  FOUNDATION  N0  1CM9726S 

MAYO  FOUNDATION  N01CM97273 

MEMORIAL  HOSP.  FOR  CANCER  &    ALLIED  DISEASES  N01CM9727'+ 

MIAMI,  UNIVERSITY  OF  N01CM97290 

MOUNT  SINAI  SCHOOL  OF  MEDICINE  N0  1CM97275 

MOUNT  SINAI  SCHOOL  OF  MEDICINE  N01CM9729^ 

SIDNEY  FAR3ER  CANCER  INSTITUTE  N0  1CM97276 

TEXAS,  UNIVERSITY  OF,  SYSTEM  CANCER  CTR/MDA  N0  1CM87  185 

TEXAS,  UNIVERSITY  OF,  SYSTEM  CANCER  CTR/MDA  N0  1CM97277 

VERMONT,  UNIVERSITY  OF,  COLLEGE  OF  MEDICINE  N01CM97278 

WAYNE  STATE  UNIVERSITY  N0  1CM97279 

WISCONSIN,  UNIVERSITY  OF  N01CM97280 

WISCONSIN,  UNIVERSITY  OF  N0  1CM972S9 

TOTAL 


DOLLAR 
LEVEL 


1  1,440 

48,257 

2,  100 

8,400 

65, 151 

315,040 

6,483 

17  1,315 

1 16,699 

21  , 976 

88,229 

60,800 

73,694 

152,000 

128,673 

65,414 

84,575 

47,287 

8,884 

1,476,417 
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ANALYSIS  OF  CONTRACTS  BY  ACTIVITY 


ACTIVITY 


FOR  FISCAL  YEAR  1980 
AS  OF  05/31/80 


AREA  CONTRACT 

PHASE  II   CLINICAL  TRIALS: 

CTEP  BOWMAN  GRAY  SCHOOL  OF  MEDICINE  OF  WAKE  FOREST 

CTEP  CALIFORNIA,  UNIVERSITY  OF 

CTEP  CLINICA  NEUROCHIRURGICA  DELL  UNIVERSITA 

CTEP  DUKE  UNIVERSITY 

CTEP  FRED  HUTCHINSON  CANCER  RESEARCH  CENTER 

CTEP  GEORGETOWN  UNIVERSITY 

CTEP  GEORGETOWN  UNIVERSITY 

CTEP  HEALTH  RESEARCH,  INC. 

CTEP  INDIANA  UNIVERSITY  FOUNDATION 

CTEP  1ST.  NAZION  PER  LO  STUD  E  LA  CURA  DEI  TUMORI 

CTEP  1ST.  NAZION  PER  LO  STUD  E  LA  CURA  DEI  TUMORI 

O.D.  JAPANESE  FOUNDATION  FOR  CANCER  RESEARCH 

CTEP  KANSAS,  UNIVERSITY  OF-MEDICAL  CENTER 

CTEP  KENTUCKY,  UNIVERSITY  OF 

BCRC  MARYLAND,  UNIVERSITY  OF 

CTEP  MAYO  FOUNDATION 

CTEP  MAYO  FOUNDATION 

CTEP  MAYO  FOUNDATION 

.CTEP  MAYO  FOUNDATION 

CTEP  MAYO  FOUNDATION 

CTEP  MEMORIAL  HOSP.  FOR  CANCER  &  ALLIED  DISEASES 

CTEP  MEMORIAL  HOSP.  FOR  CANCER  X  ALLIED  DISEASES 

_CTEP  MEMORIAL  HOSP.  FOR  CANCER  ?  ALLIED  DISEASES 

CTEP  MIAMI,  UNIVERSITY  OF 


# 

DOLLAR 
LEVEL 

NO  1CM6705'+ 

10 

865 

NO  1CM77 15  1 

17 

81  1 

NO  1CM67056 

12 

669 

NO  1CM570  10 

27 

782 

NO  1CM77  H8 

19 

382 

NO  1CM97208 

19 

710 

NO  1CM973  10 

14 

000 

NO  lCM'+379'=» 

16 

200 

N01CM67057 

18 

985 

N01CM337  14 

2 

589 

NO  1CM'i3726 

66 

202 

N0  1CM22054 

8 

400 

N01CM97272 

26 

6  1  1 

NO  1CM6705S 

13 

519 

NO  1CM43748 

826 

980 

N01CM'i3796 

29 

384 

NO  1CM5704'+ 

33 

000 

NO  1CM7  7 150 

18 

299 

NO  1CM97268 

43 

217 

NO  1CM97273 

69 

974 

NO  1CM570  19 

10 

800 

NO  1CM57043 

47 

084 

NO  1CM9727'; 

47 

666 

N0  1CM43800 

20 

143 

36 


ANALYSIS  OF  CONTRACTS  BY  ACTIVITY 


ACTIVITY 


FOR  FISCAL  YEAR  1980 
AS  OF  05/31/80 


AREA  CONTRACT 

PHASE  II   CLINICAL  TRIALS: 

CTEP  MONTEFIORE  HOSPITAL 

CTEP  MOUNT  SINAI  SCHOOL  OF  MEDICINE 

D.T.P.  MOUNT  SINAI  SCHOOL  OF  MEDICINE 

CTEP  NEW  YORK  UNIVERSITY  MEDICAL  CENTER 

CTEP  OHIO  STATE  UNIVERSITY  RESEARCH  FOUNDATION 

CTEP  ONTARIO  CANCER  INSTITUTE 

CTEP  SAINT  LOUIS  UNIVERSITY  SCHOOL  OF  MEDICINE 

CTEP  SIDNEY  FARBER  CANCER  INSTITUTE 

CTEP  SIDNEY  FARBER  CANCER  INSTITUTE 

CTEP  TENNESSEE,  UNIVERSITY  OF 

CTEP  TEXAS,  UNIVERSITY  OF,  SYSTEM  CANCER  CTR/MDA 

CTEP  TEXAS,  UNIVERSITY  OF,  M.D.  ANDERSON 

CTEP  TEXAS,  UNIVERSITY  OF,  SYSTEM  CANCER  CTR/MDA 

CTEP  TEXAS,  UNIVERSITY  OF,  SYSTEM  CANCER  CTR/MDA 

CTEP  VANDERBILT  UNIVERSITY  MEDICAL  CENTER 

CTEP  VERMONT,  UNIVERSITY  OF,  COLLEGE  OF  MEDICINE 

CTEP  WAYNE  STATE  UNIVERSITY 

CTEP  WAYNE  STATE  UNIVERSITY 

„CTEP  WISCONSIN,  UNIVERSITY  OF 

CTEP  YALE  UNIVERSITY  SCHOOL  OF  MEDICINE 

TOTAL 


# 

DOLLAR 
LEVEL 

NO  1CM6706  1 

26, 

,861 

N01CM97275 

36, 

.037 

NO  1CM9729<t 

7, 

,600 

NO  1CM67059 

26, 

,866 

N01CM67C60 

13, 

,097 

NO  1CM77  152 

19, 

,900 

NO  1CM57020 

6, 

.000 

NO  1CM67037 

38, 

,578 

NO  1CM97276 

30, 

,  101 

N01CM57021 

16: 

,500 

N01CM570^2 

47, 

,004 

N01CM771^9 

16; 

,215 

N01CM77153 

16, 

,543 

N01CM97277 

52, 

,557 

NO 1CM77 122 

19, 

,566 

NO  1CM97278 

26, 

,719 

N01CM67105 

19, 

,058 

N0ICM97279 

34, 

,545 

N0  1CM972S0 

19 

,314 

NO  1CM^3797 

29 

,065 

1,923, 

,398 
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ANALYSIS  OF  CONTRACTS  BY  ACTIVITY 


ACTIVITY 


FOR  FISCAL  YEAR  1980 
AS  OF  05/31/80 


AREA  CONTRACT  # 

PHASE  III   CLINICAL  TRIALS: 

CTEP  BOWriAN  GRAY  SCHOOL  OF  riEDICIHE  OF  WAKE  FOREST    N01CM6705^ 

CTEP  CALIFORNIA,  UNIVERSITY  OF  N01CN77151 

CTEP  CALIFORNIA,  UNIVERSITY  OF  N01CM97318 

CTEP  CLINICA  NEUROCHIRURGICA  DELL  UNIVERSITA  N01CM67056 

CTEP  DUKE  UNIVERSITY  N01CM67010 

CTEP  FLORIDA,  UNIVERSITY  OF  N01CM97320 

CTEP  FRED  HUTCHINSON  CANCER  RESEARCH  CENTER  N0  1CM77  1'+8 

CTEP  GEORGETOWN  UNIVERSITY  N01CM97310 

CTEP  INDIANA  UNIVERSITY  FOUNDATION  N0  1CM67057 

CTEP  IOWA,  UNIVERSITY  OF  N01CM97319 

CTEP  1ST.  HAZION  PER  LO  STUD  E  LA  CURA  DEI  TUMORI     NO  1  Cr'1337  1 "+ 

CTEP  KENTUCKY,  UNIVERSITY  OF  N0  1CM67058 

BCRC  MARYLAND,  UNIVERSITY  OF  N0  1CM't57^8 

CTEP  MAYO  FOUNDATION  N0  1CM43783 

CTEP  MAYO  FOUNDATION  N0  1CM570^4 

CTEP  MAYO  FOUNDATION  N0  1CM77  150 

CTEP  MAYO  FOUNDATION  N0  1Cn97268 

CTEP  MEMORIAL  HOSP.  FOR  CANCER  &  ALLIED  DISEASES  N01CM57019 

.CTEP  MEMORIAL  HOSP.  FOR  CANCER  I    ALLIED  DISEASES  N0  1CM570'+3 

CTEP  MIAMI,  UNIVERSITY  OF  N01CM'+3800 

CTEP  MONTEFIORE  HOSPITAL  N0  1CM6706  1 

CTEP  NEW  YORK  UNIVERSITY  MEDICAL  CENTER  N0  1CM67059 

.CTEP  NEW  YORK  UNIVERSITY  MEDICAL  CENTER  N01CM9732i 

CTEP  OHIO  STATE  UNIVERSITY  RESEARCH  FOUNDATION  N01CM67060 


DOLLAR 
LEVEL 


21  ,730 
53,43'+ 
26,006 
25,338 
55,564 
5  0,947 
58,  147 
21,000 
37,969 
34,952 
6,042 
27,038 
787,600 
39,802 
27,000 
54,897 
64,826 
21,600 
31,390 
31,653 
53,722 
53,732 
25,910 
26,  194 
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ANALYSIS  OF  CONTRACTS  BY  ACTIVITY 


ACTIVITY 


FOR  FISCAL  YEAR  1980 
AS  OF  05/31/80 


AREA 

CTEP 

CTEP 

CTEP 

CTEP 

CTEP 

CTEP 

CTEP 

CTEP 

CTEP 

CTEP 

CTEP 

CO. P. 

CTEP 

CTEP 


CONTRACT 
PHASE  III   CLINICAL  TRIALS: 
ONTARIO  CANCER  INSTITUTE 
ONTARIO  CANCER  INSTITUTE 
PITTSBURGH,  UNIVERSITY  OF 

SAINT  LOUIS  UNIVERSITY  SCHOOL  OF  MEDICINE 
SIDNEY  FARBER  CANCER  INSTITUTE 
TENNESSEE,  UNIVERSITY  OF 
TEXAS,  UNIVERSITY  OF,  M.D.  ANDERSON 
TEXAS,  UNIVERSITY  OF,  SYSTEM  CANCER  CTR/MDA 
TEXAS,  UNIVERSITY  or,    M.D.  ANDERSON 
TEXAS,  UNIVERSITY  OF,  SYSTEM  CANCER  CTR/MDA 
VANDERBILT  UNIVERSITY  MEDICAL  CENTER 
VETERANS  ADMINISTRATION 
VETERANS  ADMINISTRATION 
WAYNE  STATE  UNIVERSITY 

TOTAL 


DOLLAR 
LEVEL 


N01CM77152  59,700 

N01CM97267  98,725 

N01CB23876  1,126,000 

N01CM57020  12,000 


N01CM67037 
N01Cn57021 
N01CM33710 

N01CM57042 
N01CM77  l'+9 
N01CM77153 
NO  1CM77122 


31,56't 
33,000 
1  10,000 
38,457 
48,646 
49,630 
58,699 


Y01CM70106  1,018,000 
Y01CM70107  293,045 
N01CM67105      15,593 

4,629,552 
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ANALYSIS  OF  CONTRACTS  BY  ACTIVITY 


ACTIVITY 


FOR  FISCAL  YEAR  1980 
AS  OF  05/31/SO 


AREA  CONTRACT 

PHASE  IV   CLINICAL  TRIALS  (COMBINED  MODALITY): 

CTEP  ALBANY  MEDICAL  COLLEGE  OF  UNION  UNIVERSITY 

CTEP  AMERICAN  COLLEGE  OF  RADIOLOGY 

CTEP  CALIFORNIA,  UNIVERSITY  OF 

CTEP  CALIFORNIA,  UNIVERSITY  OF 

CTEP  CINCINNATI,  UNIVERSITY  OF 

CTEP  FRED  HUTCHINSON  CANCER  RESEARCH  CENTER 

CTEP  GEORGETOWN  UNIVERSITY 

CTEP  HEALTH  RESEARCH,  INC. 

CTEP  HEALTH  RESEARCH,  INC. 

CTEP  HEALTH  RESEARCH,  INC. 

CTEP  I5T.  NAZION  PER  LO  STUD  E  LA  CURA  DEI  TUMORI 

CTEP  1ST.  NAZION  PER  LO  STUD  E  LA  CURA  DEI  TUMORI 

BCRC  MARYLAND,  UNIVERSITY  OF 

CTEP  MARYLAND,  UNIVERSITY  OF 

CTEP  MAYO  FOUNDATION 

CTEP  MAYO  FOUNDATION 

CTEP  MAYO  FOUNDATION 

CTEP  MAYO  FOUNDATION 

_CTEP  MEMORIAL  HOSP.  FOR  CANCER  X  ALLIED  DISEASES 

CTEP  MIAMI,  UNIVERSITY  OF 

CTEP  MIAMI,  UNIVERSITY  OF 

CTEP  MICHIGAN,  UNIVERSITY  OF 

_CTEP  MOUNT  SINAI  SCHOOL  OF  MEDICINE 

CTEP  MOUNT  SINAI  SCHOOL  OF  MEDICINE 


DOLLAR 

# 

LEVEL 

NO  1CM57032 

SO, 

000 

NO  1CM872  19 

26  1  , 

506 

NO  1CM67097 

110, 

000 

NO  1CM77 151 

17, 

81  1 

NO  1CM37222 

^9, 

564 

N01CM77  US 

19, 

382 

NO  1CN6  7  0  9^ 

122, 

437 

NO  1CM^3782 

^0, 

342 

NO  1CM'+379^ 

27, 

.000 

NO  1CM5703'+ 

100, 

.000 

NO  1CM337  H 

8, 

.631 

NO  1CM<^t3726 

99, 

,303 

NO  1CM43748 

748, 

.220 

NO  1CM87223 

78, 

,436 

NO  1CM^3783 

44, 

,777 

NO  1CM43796 

4S; 

,973 

NO  1CM57033 

120: 

,000 

NO  1CM77  150 

18 

,299 

NO  1CM8722'^ 

94 

,335 

NO  1CM4  3S0  0 

5: 

,755 

NO  1CM67093 

135, 

,000 

NO  1CM87225 

157 

,  1  12 

NO  1CM53341 

89 

,550 

NO  1CM67096 

123 

,486 
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ANALYSIS  OF  CONTRACTS  BY  ACTIVITY 


ACTIVITY 


FOR  FISCAL  YEAR  19S0 
AS  OF  05/31/80 


AREA  CONTRACT 

PHASE  IV   CLINICAL  TRIALS  (COMBINED  MODALITY) 

CTEP  NORTHERN  CALIFORNIA  CANCER  PROGRAM 

CTEP  ONTARIO  CANCER  INSTITUTE 

CTEP  PITTSBURGH,  UNIVERSITY  OF 

CTEP  SIDNEY  FARBER  CANCER  INSTITUTE 

CTEP  SIDNEY  FARBER  CANCER  INSTITUTE 

CTEP  SOUTH  FLORIDA,  UNIVERSITY  OF 

CTEP  SOUTHERN  CALIFORNIA,  UNIVERSITY  OF 

CTEP  TEXAS,  UNIVERSITY  OF,  M.D.  ANDERSON 

CTEP  TEXAS,  UNIVERSITY  OF,  SYSTEM  CANCER  CTR/MDA 

CTEP  TEXAS,  UNIVERSITY  OF,  MEDICAL  BRANCH 

CTEP  VANDERBILT  UNIVERSITY  MEDICAL  CENTER 

CO. P.  VETERANS  ADMINISTRATION 

CTEP  VETERANS  ADMINISTRATION 

CTEP  YALE  UNIVERSITY  SCHOOL  OF  MEDICINE 

CTEP  YALE  UNIVERSITY  SCHOOL  OF  MEDICINE 


» 

DOLLAR 
LEVEL 

NO  1CM87  154 

205; 

,S27 

NO  1CM77152 

19; 

,900 

NO 1CM77  177 

752, 

,600 

N0  1CM437S1 

45; 

,225 

NO  1CM57035 

100, 

,000 

NO  1CMS7220 

39, 

,704 

NO  1CM53S42 

94, 

,894 

NO  1CM77  149 

16, 

,215 

NO  1CM77  153 

16, 

,543 

N01CN87221 

98, 

,203 

N01CM77122 

19, 

,566 

Y01CM70106   1,018,000 
Y01CM70107     293,045 


N01CM43797 
N0  1CM53843 


48,442 
88,037 


TOTAL 


5,456,  120 
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ANALYSIS  OF  CONTRACTS  BY  ACTIVITY 

ACTIVITY  FOR  FISCAL  YEAR  1980 

AS  OF  05/31/80 

AREA  CONTRACT 

CLINICAL  TRIALS  -  OTHER  RESEARCH: 

CTEP  CALIFORNIA,  UNIVERSITY  OF,  REGENTS 

CTEP  CONTROL  DATA  CORPORATION 

CTEP  FOX  CHASE  CANCER  CENTER 

CTEP  HEALTH  RESEARCH,  INC. 

CTEP  HEALTH  RESEARCH,  INC. 

BCRC  MARYLAND,  UNIVERSITY  OF 

CTEP  MAYO  FOUNDATION 

CTEP  MAYO  FOUNDATION 

CTEP  MAYO  FOUNDATION 

CO. P.  VETERANS  ADMINISTRATION 

CTEP  VETERANS  ADMINISTRATION 

CTEP  WASHINGTON,  UNIVERSITY  OF 

CTEP  YALE  UNIVERSITY  SCHOOL  OF  MEDICINE 

TOTAL 


» 

DOLLAR 
LEVEL 

NO  1CM97315 

622, 

,227 

NO  1CM67107 

67: 

,498 

N01CM9731^ 

66'^, 

,720 

N0  1CM43794 

10. 

.800 

N01CM9731 1 

49, 

,912 

N01CM^3748 

78, 

,760 

N01CM'+37S3 

14: 

,926 

NO  1Cn'+3796 

19; 

,589 

N01CM57033 

30: 

,000 

Y01CM70106 

509: 

,000 

YO  1CM7  0 I  07 

146: 

,522 

N01CM97282 

1,296: 

,523 

NO  1CM<+3797 

19: 

,377 

3,529: 

,854 
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ANALYSIS  OF  CONTRACTS  BY  ACTIVITY 


ACTIVITY 


FOR  FISCAL  YEAR  1930 
AS  OF  05/3  1/SO 


AREA       CONTRACT 

CLINICAL  TRIALS  SUPPORTIVE  RESEARCH: 

CO. P.  CALIFORNIA,  UNIVERSITY  OF 

CTEP  CALIFORNIA,  UNIVERSITY  OF 

CO. P.  COilMUNITY  BLOOD  £  PLASMA  SERVICE 

CTEP  EMMES  CORPORATION 

CTEP  FLORIDA,  UNIVERSITY  OF 

CTEP  GEORGETOWN  UNIVERSITY 

CTEP  GEORGETOWN  UNIVERSITY 

CTEP  HEALTH  RESEARCH,  INC 

CTEP  INFORMATION  MANAGEMENT  SERVICES,  INC. 

CTEP  IOWA,  UNIVERSITY  OF 

CTEP  MATHTECH,  INC. 

CTEP  MAYO  FOUNDATION 

CTEP  MOUNT  SINAI  SCHOOL  OF  MEDICINE 

CTEP  MOUNT  SINAI  SCHOOL  OF  MEDICINE 

BCRC  NATIONAL  CENTER  FOR  HEALTH  STATISTICS 

CTEP  NEW  YORK  UNIVERSITY  MEDICAL  CENTER 

D.T.P.  OHIO  STATE  UNIVERSITY  RESEARCH  FOUNDATION 

CTEP  ONTARIO  CANCER  INSTITUTE 

.CTEP  SOUTHERN  CALIFORNIA,  UNIVERSITY  OF 

CO. P.  STANFORD  UNIVERSITY,  BOARD  OF  TRUSTEES 

CTEP  TEXAS,  UNIVERSITY  OF 

D.T.P.  TEXAS,  UNIVERSITY  OF,  SYSTEM  CANCER  CTR/MDA 

.CTEP  TEXAS,  UNIVERSITY  OF,  M.D.  ANDERSON 

CTEP  YALE  UNIVERSITY  SCHOOL  OF  MEDICINE 


» 

DOLLAR 
LEVEL 

N01CM97239 

422, 

.000 

N01CM97318 

1  1 , 

,  145 

N01CM97 196 

527, 

,648 

N01CM87193 

288, 

,242 

NO  1CM97320 

21  , 

.834 

N01CMS719'+ 

233, 

.857 

N01CM97310 

22, 

.400 

NO  1CM'+3782 

4, 

,482 

NO  1CP7  10  10 

95, 

.358 

NO  1CM97319 

K, 

,979 

N01CM97195 

514, 

,  141 

NO 1CM97268 

69, 

,  147 

N01CM53841 

9, 

,950 

N01CM67096 

13, 

,721 

Y01CM80  109 

108, 

,000 

NO  1CM97321 

1  1  ; 

,  104 

NO  1CMS7161 

76; 

,619 

N01CM97267 

42; 

,311 

NO  1CM53842 

10, 

,544 

N01CM67072 

102; 

,831 

N0  1CM55S32 

150; 

,627 

NO  1CM87233 

82; 

,850 

N01CP65866 

5, 

,500 

NO  1CM53S43 

9, 

,782 

43 


TOTAL 


2,349,  072 
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TABLE  III 
ANALYSIS  OF  ACTIVITIES  BY  CONTRACTS 


FOR  FISCAL  YEAR  1980 
AS  OF  05/31/80 


NAME 


&    AREA 


PERCENT  OF 
EFFORT 


DOLLAR 
LEVEL 


AGRICULTURE,  DEPARTMENT  OF  YOICM4OOOI 

D. T .P. 

ACQUISITION  OF  MATERIALS  «  90.00^ 

NEW  AGENT  PROCUREMENT.  PLANT  PRODUCTS  8  5.00 

DATA  PROCESSUiG  AND  SUPPORT  5.0C 

PROCUREMENT  OF  PRECLINICAL  MATERIAL  x  10.00^ 

PLANT  PRODUCTS 


450,  305 


^05,275 

58  2,759 

22,5  15 

45,03  1 


ALABAMA,  UNIVERSITY  OF 


NO  1CM0  7  355 
D. T .P. 


ACQUISITION  OF  MATERIALS 

NEW  AGENT  PROCUREMENT,  SYNTHETICS 

ALBANY  MEDICAL  COLLEGE  OF  UNION  N0  1CM57032 

CTEP 

PHASE  IV  CLINICAL  TRIALS 

COLORECTAL  SURG. 

COLORECTAL  RAD. 

COLORECTAL  CHEH. 

COLORECTAL  IMM. 

COLORECTAL  SUPPORTIVE  CARE 

ALDRICH  CHEMICAL  COMPANY,  INC. 


PROCUREMENT  OF  PRECLINICAL  MATERIAL 

SYNTHETICS 
PROD.  AND  FORM.  FOR  CLINICAL  TRIALS 

PRODUCTION,  SYNTHETICS 

AMERICAN  COLLEGE  OF  RADIOLOGY 


PHASE  IV  CLINICAL  TRIALS 

HEAD  AND  NECK  SURG. 

HEAD  AND  NECK  RAD. 

HEAD  AND  NECK  CHEM. 

HEAD  AND  NECK  SUPPORTIVE  CARE 

AMERICAN  TYPE  CULTURE  COLLECTION 


100.00^ 


BIOLOGICAL  STUDIES 
BLOOD  PRODUCTS 
TISSUE  CULTURE  CELLS 


9,  092 


9,092 


;0  ,  000 


« 

100 

OO'* 

so 

000 

30 

00 

2  4 

000 

10 

00 

8 

000 

2  5 

00 

2  0 

000 

25 

00 

2  0 

000 

ARE 

10 

00 

8 

000 

NO  1CMS720  2 

D. r .P. 

H 

50 

0  0^- 

155 

643 

H 

50 

00^ 

155 

64  3 

NO  ICM872  19 

CTEP 

¥:    100 

00^ 

26  1 

506 

30 

00 

78 

452 

3  0 

00 

7  8 

4  52 

2  0 

00 

52 

30  1 

ARE 

20 

00 

52 

30  1 

NO  1CM87  15S 

D.  T.P. 

« 

100 

OOV 

80 

000 

40 

00 

32 

000 

60 

00 

48 

000 

311,  285 


26  1  ,506 


80  ,  000 


45 


NAME 


i    AREA 


PERCENT  OF 
EFFORT 


DOLLAR 
LEVEL 


ARIZONA  STATE  UNIVERSITY  N01Cn97262 

D.T.P. 
ACQUISITION  OF  MATERIALS 

NE'.'J  AGENT  PROCUREriENT,  MARINE/ARTHROPODS 


"■  100  .00^ 


128,000 


123.0  00 


ARIZONA  STATE  UNIVERSITY  N0  1Cn97297 

D.T.P. 
ACQUISITION  OF  MATERIALS 

NEl]  AGENT  PROCUREMENI,  PLANT  PRODUCTS 
NEW  AGENT  PROCUREriENT,  FERMENT/ ANT  I  B  lOT 
BIOASSAY  OF  NATURAL  PRODUCTS 
PROCUREiiENT  OF  PRECLINICAL  MATERIAL 
PLANT  PRODUCTS 
F ERM EN T A  T 1 0 N/ A N T I B I  0  T I CS 

ARMY,  DEPARTMENT  OF,  FT.  DETRICK  Y0  1CO6C603B 

D.T.P. 
ACQUISITION  OF  MATERIALS 

NEW  AGENT  PROCUREMENT.  FERMENT/ ANT  I B I OT 
BASIC  SCREEN 

PRIMARY  SCREENING,  IN  VITRO 

ANIMALS 
VERIFICATION  SCREEN 

ANIMALS 
PROCURE.'IENT  OF  PRECLINICAL  MATERIAL 

FERMENTATION/ANT ICI0TIC5 


147,  15J 


^  8  5.00=^ 

65.  00 

15.  00 

5.  00 

¥  15  .  OOX 

10.00 

5.  00 


^  ^8.  00^ 

^  1  2  .  0  0  >* 
3.  00 
9.  00 

><  30.00^ 

^     10  .  00>< 


125.  OS't 
95,655 
22,07'+ 

7,  358 
22,0  7'+ 
K,7  16 

7,353 


436,'^'+  1 


2  0  9,492 

52,373 

13,093 

39,250 

130 , 932 

43,6''f+ 


ARS/SPRAGUE-DAULEY 

ACQUISITION  OF  MATERIALS 

ANIMALS 
BASIC  SCREEN 

ANIMALS 
VERIFICATION  SCREEN 

ANIMALS 


NO  1CMS723^ 
A  .  P  . 


■9,333 


>  2  0.00V 
^  55.0  0':< 
X  25.  OOi^ 


15,377 
4  3,661 
1  9  ,  S  4  6 


ARTHUR  D.  LITTLE,  INC. 


ACQUISITION  OF  MATERIALS 

BIOASSAY  OF  NATURAL  PRODUCTS 
BASIC  SCREEN 

PRIMARY  SCREENING,  IN  VIVO 

PRIMARY  SCREEN.,  RELATED  NEW  MODEL  DEVEL 
VERIFICATION  SCREEN 

DETAILED  DRUG  EVALUATION,  IN  VIVO 
TREATMEN'T  STUDIES 

CHEMOTHERAPY 


NO  1CM07  3^6 

D.T.P. 

*  15. 

,  00^ 

:•<  55. 

,  OC^ 

50. 

,  00 

DEVEL 

5. 

.00 

H  25. 

.  OOH 

483,763 


5.  OOK 


7  2,564 

266  ,070 

2  4  1,832 

24  ,  1SS 

12  0,9 ')  I 

24  ,  188 


46 


NAME 


\rthur  d.  little,  imc. 

basic  screen 

in  vivo  an'alog  scr. 
treatnei-;t  studies 

comb.  modal.  therapy 

CCr-13.     MODAL.     THERAPY 
COr;D.     MODAL.     THERAPY 


ARTHUR    D 
PHA 


LITTLE.     INC. 


COLOCY/TOXICOLOGY 
FHARriACOLOGY 
RADIO,',UTOG/ANAL 

ARTHUR  D.  LITTLE,  INC. 

VERIFICATION  SCREEN 

DETAILED  DRUG  EVALUATION, 
DETAILED  DRUG  EVALUATION, 
DEI.  D-iUG  EVAL  .  ,  RELATED 

ARTHUR  D.  LITTLE,  INC. 

ACOUISITICN  OF  MATERIALS 
STRUCTURE  ACTIVITY 

BIOIOGICAL  STUDIES 
BLCCD  PRODUCTS 
CELL  KINETICS 
MOLECULAR  BIOLOGY 
OTHER 

PROGRAM  MANAGEMENT 
ADMINISTRATION 

Pf-:A5E  I  CLINICAL  TRIALS 


t 

PERCf 

:nt  of 

8  AREA 

EFFORT 

NO  1  CMS  37 6 5 

D.  T.P. 

^  55. 

oo>; 

^  ^5. 

,  OOx 

"+5. 

,  00 

RAD. 

20. 

,  00 

CHEM. 

25. 

,  00 

NO  tCM8  7  16  3 

D.T.P. 

^100, 

.  00^ 

80, 

.00 

20. 

.  0  0 

NO  1CMS7  1S6 

D.T.P. 

^  100  , 

.  00^ 

IN  VITRO 

6  0 

,  00 

IN  VIVO 

20  , 

.  00 

NEU  MODEL  DEVEL 

20, 

.  00 

HO  tCM972?>8 

D.T.P. 

^  11 

.  OO^' 

?<  6  2 

.  00* 

12 

.  00 

15 

.00 

20 

.  00 

15 

.  00 

X  15, 

.  00« 

DOLLAR 
LEVEL 


PANCREATIC 
iSH  STEVENS,  INC. 


PHARM./TOX. 


NO  ICMS: 
D.  T, 


PROCUREriENT  OF  PRECLINICAL  MATERIAL 

SYlilHETICS 
PROD.  AND  FO^M.  FOR  CLINICAL  TRIALS 

PRODUCTION,  SYNTHETICS 

3ATTELLE  MEMORIAL  INSTITUTE 


NO  1CM0 
D.T 


.  P, 


ACOUISITION  OF  MiTERI/LS 

EIOASSAY  OF  NATU:^,-L  PRODUCTS 
BASIC  SCREEN 

PRIMARY  SCREENIN'G,  IN  VIVO 

PRIMARY  SCREEN.,  RELATED  NEU  MODEL  DEVEL 


00^ 


^    50  .  00' 
»^    50  .00  = 


*     15.00! 

>;    5  5  .  0  0  > 

50  .  00 
5.00 


S  't ,  0  0  0 


^6,200 

37,300 
3  7,500 
16 ,800 
2  1  ,000 


725,  000 
5  5  0.000 
Ki  5  ,  0  0  0 


:5, 000 


150,000 


150,  000 
?0,  000 
3  0  .  C  0  0 
30,000 


IC^^S? 

5  9.  103 
1  1  .  '■(  '^t  0 
Kt  .  3  0  0 
19.057 
U,300 
1  't ,  3  0  0 

1  1  .  ^  4  0 


95.335 


3  32,96  5 


16  6.  't  8  3 
1  6  6  , '',  S  3 


9  0  -+  ,  S  2  5 


13  5,724 

'497  .654 

■-'152,413 

4  5,24  1 


47 


NAME 


VERIFICATIOM  SCREEN 

DETAILED  DRUG  EVALUATION,  IN  VIVO 
TREATMENT  STUDIES 

CHEMOTHERAPY 

BATTELLE  MEMORIAL  INSTITUTE 

PHARMACOLOGY/ TOXICOLOGY 

PROTOCOL  TOXICITY  STUDIES 

SPECIAL  TOXICITY  STUDIES 

ANIMALS 

DATA  PROCESSING  AND  SUPPORT 

BATTELLE  MEMORIAL  INSTITUTE 


«  AREA 


NO  1CM43746A 

D.  r.p. 


NO  1CM67  0  99 
D.T.P. 


BASIC  SCREEN 

PRIMARY  SCREENING,  IN  VIVO 

PRIMARY  SCREEN.,  RELATED  NEW  MODEL  DEVEL 

BEN  VENUE  LABORATORIES.  INC. 


for;!ULAtion 

devel.  of  exp.  formulations 
prod.  and  form.  for  clinical  trials 

formulation 

analytical  and  quality  control 

ben  venue  laboratories.  inc. 

formulation 

devel.  of  exp.  formulations 
prod.  and  form.  for  clinical  trials 

formulation 

analytical  and  quality  control 

bowman  gray  school  of  medicine  of  hake 

program  management 

administration 
phase  ii  clinical  trials 

cns  tumors         ciiem. 
phase  iii  clinical  trials 

cns  tumors         rad. 

cns  tumors         chem. 

bristol-myers  company 


ACQUISITION  OF  MATERIALS 

NEi.J  AGENT  PROCUREMENT.  FERMENT/ AN  T  I  B  I  OT 

DATA  PROCESSING  AND  SUPPORT 
BASIC  SCREEN 


'ERCFNT  OF 
EFFORT 


25, 
5. 


100.00- 

5  0.00 

3  '■(  .  0  0 

1.00 

15.  00 


100.00^ 
7  5.00 
25.00 


DOLL 
LEV 


NO  1CM9729SB 

D.T.P. 

¥ 

10  , 

,  00^ 

V 

90 

.  00^ 

7  5 

,  00 

15 

.00 

NO  1CM97298 

D.T.P. 

¥ 

90  . 

,00»« 

75. 

,  00 

15. 

.  GO 

NO  1CM6705''t 

CTEP 

^ 

10  , 

.  OO^' 

■- 

30  . 

.00^ 

^ 

60  . 

,  0  0>- 

5  0  , 

,  00 

3  0  , 

,  00 

NO  1CM77  147 

D.T.P. 

M. 

S5, 

.  00^ 

IBIOT 

83. 

.  CO 

2  . 

,  0  0 

¥ 

15^ 

,0  0^: 

:  2  6  ,  2  0  6 
<i  5  ,  2  <+  1 


2  2  3  .  9  5  r- 
111,999 
7  5  6,  159 
22,240 
333,  600 


:23,  998 


4  9  5.945 


4  95.  94  5 
37  1  ,  959 
12  3.  9C 6 


4S0  . 


4  8,000 

4  3  2.000 

360  ,  OCO 

7  2.000 


950  .000 


95,000 

8  5  5,000 
7  12,500 
1  ■''  2  ,  5  0  0 


10  ,86  5 

2  1,730 
10.865 
10  ,865 


19,408 

1  ?  .  '^  3  1 

457 

3,425 


36 


.833 


NAME 


«  AREA 


PRIMARY  SCREENING,  IN  VITRO 

PRIMARY  SCREEN.,  RELATED  NEW  MODEL  DEVEL 

BRISTOL-MYERS  COMPANY  N0  1Cri77  138 

D  .  T  .  P  . 
ACQUISITION  OF  MATERIALS 

NEW  AGENT  PROCUREfiEN  T  ,  FERMENT/ ANT  I  B  I  OT 


NO  1CMS7  180 
D.  T.P. 


bristol-myers  company 

acquisition  of  materials 

neu  agent  procurement,  synthetics 
basic  screen 

primary  screening,  in  vitro 
frocure:'ent  of  preclinical  material 

synthetics 

british  columbia,  university  of       n0icms7236 

D.T.P. 
ACQUISITION  OF  MATERIALS 

NEW  AGENT  PROCUREMENT,  PLANT  PRODUCTS 

CALIFORNIA,  UNIVERSITY  OF 

PHASE  III  CLINICAL  TRIALS 

LUNG  RAD. 

LUNG  CHEM. 

LUNG  SUPPORTIVE  CARE 

CLINICAL  TRIALS  SUPPORTIVE  RESEARCH 

LU;iG  NUTRITION 

CALIFORNIA,  UNIVERSITY  OF 

CLINICAL  TRIALS  SUPPORTIVE  RESEARCH 

NON-SPECIFIC  TRANSFUSION  RES 

CALIFORNIA,  UNIVERSITY  OF 


PHASE  IV  CLINICAL  TRIALS 

COLORECTAL  SURG. 

COLORECTAL  RAD. 

COLORECTAL  CHEM. 

COLORECTAL  IMM. 

CALIFORNIA,  UNIVERSITY  OF 

PHASE  II  CLINICAL  TRIALS 

LUNG  RAD. 

LUNG  CHEM. 

PHASE  III  CLINICAL  TRIALS 

LUNG  RAD. 


PERCENT  OF 
EFFORT 


10.00 
5.  00 


^  100  .00^ 

^  so.  00^ 

•<       6  .  00^ 
X  K(  .  0  0  >^ 

¥  too  .00^ 


DOLLAR 
LEVEL 


2,28  3 
1  .  1  ''i  2 


5'i,000 

167,200 
12,5''t0 
29,260 

89, 000 


5''t,0( 


209,  000 


89,000 


NO  1CM9  7  3  18 

37, 

,  151 

CTEP 

^ 

70  . 
5. 

,  00^ 

,  00 

26 

1 

.006 
.858 

■45. 

,  GO 

16  : 

,7  IS 

ARE 

20, 

,  00 

7  , 

,430 

¥ 

30  . 

,  00=^ 

1  1  , 

,145 

HO  1CM97239 

422, 

.000 

CO. P. 

¥ 

100  . 

00>^ 

422, 

.000 

RES. 

N01CM67097 

110, 

,000 

CTEP 

^ 

100  . 

,  00^ 

110, 

,  000 

20  . 

,  00 

2  2  1 

,000 

15. 

,  00 

'16' 

,500 

'■»5. 

,  00 

49 

,500 

20  , 

.  00 

')  O 

,000 

NO  1CM7  7  15  1 

89, 

,057 

CTEP 

¥ 

20  , 

.0  0" 

17 

,8  11 

10  , 

.  00 

8 

.906 

10  , 

.  00 

S 

,  906 

¥ 

60  , 

.  00^ 

5  3 

,434 

30  , 

.  00 

26 

,7  17 

49 


LUNG  CHEM. 

PH.ASE  IV'  CLINICAL  TRIALS 

LUNG  .      RAD. 
LUNG  CHEM. 

CALIFORNIA,  UNIVERSITY  OF, 


OTHER  CLINICAL  TRIALS  RESEARCH 

NON-SPECIFIC  HARDNARE  DEVEL. 


CATHOLIC  HEDICAL  CTR  OF  BROOKLYN  AND 

BASIC  SCREEN 

PRIMARY  SCREENING,  IN  VIVO 
ASINALS 
VERIFICATION  SCREEN 

DETAILED  DRUG  EVALUATION,  IN  VIVO 
ANIMALS 
TREATT'ENT  STUDIES 

COMB.  MODAL.  THERAPY 

COMB.  MODAL.  IHCRAPY  -  SURG. 
COMB.  MODAL.  THERAPY  -  CHEM. 
COMB.  MODAL  .  TtlERAPY  -  IMil. 

COP  ASSOCIATES 

PROGRAM  MANAGEMENT 

COMMUNICATION  AND  EDUCATION 

CHARLES  RIVER  BREEDING  LABS. 

ACQUISITION  OF  MATERIALS 

ANIMALS 
BASIC  SCREEN 

ANIMALS 
VERIFICATION  SCREEN 

ANIMALS 

CHARLES  RIVER  BREEDING  LABS. 

ACQUISITION  OF  MATERIALS 

ANIMALS 
BASIC  SCREEN 

ANIMALS 
VERIFICATION  SCREEN 

ANIMALS 

CHARLES  RIVER  BREEDING  LABS. 

:      ACQUISITION  OF  MATERIALS 
ANIMALS 


8 

PERCENT  OF 

DOLLAR 

8  AREA 

EFFORT 

LEVEL 

30  .  00 

26 

,7  17 

¥ 

2  0  .  0  a  ¥ 

17 

.3  1  1 

10  .  CO 

8 

,906 

10.00 

8 

,906 

NO  1CM973  15 

622,227 

CTEP 

^ 

100. OOH 

622 

,227 

'EL. 

NO  )CM6  7  08 1 

30,000 

D.T.P. 

^ 

40  .  00^ 

12 

,000 

1 S  .  0  0 

5 

,400 

22.00 

6 

,600 

^ 

■t  0  .  0  0  ^ 

12 

,  000 

13.00 

5 

,400 

22. OD 

6 

,600 

¥. 

20  .  00^ 

6 

,  000 

20  .  00 

6 

,0  00 

9.  00 

2 

.■■700 

9.  00 

2; 

,700 

2.  00 

600 

NO  ICMQ?  KfS 

38  1  .543 

O.D. 

«100  .  00^ 

33  1  . 

,543 

NO 1CM90  163 

145,860 

A. P. 

^ 

20  .  OOH 

29, 

.  172 

>^ 

55.0  0^: 

SO, 

.223 

¥. 

25.  OOM 

36, 

.465 

NO  1  CMS  0  5 98 

29  1  ,720 

A  .P. 

¥ 

20.00V 

53, 

34  4 

^ 

55.  00^ 

160, 

446 

^ 

25.  00« 

72, 

930 

NO  1CM77  U  1 

244  ,  000 

A. P. 

¥ 

20  .00^ 

'(8, 

800 

50 


NAME 


BASIC  SCREEN 

ANIMALS 
VERIFICATION  SCREEN 

ANIMALS 

CHARLES  RIVER  BREEDING  LABS. 

ACQUISITION  OF  MATERIALS 

ANIMALS 
BASIC  SCREEN 

ANIMALS 
VERIFICATION  SCREEN 

ANIMALS 

CHARLES  RIVER  BREEDING  LABS. 

ACQUISITION  OF  MATERIALS 

ANIMALS 
BASIC  SCREEN 

ANIMALS 
VERIFICATION  SCREEN 

ANIMALS 

CHEMICAL  ABSTRACTS  SERVICE 

ACQUISITION  OF  MATERIALS 
DATA  PROCESSING  AND  SU 

CINCINNATI,  UNIVERSITY  OF 

PHASE  IV  CLINICAL  TRIALS 
HE^D  AND  NECK 
HEAD  AND  NECK 
HEAD  AND  NECK 
HEAD  AND  NECK 

CLINICA  NEUROCHIRURGICA  DELL 

PROGRAM  MANAGEMENT 

ADMINISTRATION 
PHASE  II  CLINICAL  TRIALS 

CNS  TUMORS 
PHASE  III  CLINICAL  TRIALS 

CNS  TUMORS 

CNS  TUMORS 

COLLABORATIVE  RESEARCH,  INC. 


ACQUISITION  OF  MATERIALS 

NEW  AGENT  PROCUREMENT,  SYNTHETICS 


a  AREA 

PERCENT  OF 
EFFORT 

DOLLAR 
LEVEL 

X 

55. OOX 

134, 

200 

X 

25. OOX 

6  1  , 

000 

N01CMS7212 
A. P. 

¥ 

20. OOX 

13, 

68,477 
695 

X 

55. OOX 

37  , 

66  2 

y; 

25. OOX 

17, 

1  19 

N0  1CM97229 
A. P. 

X 

20. OOX 

69, 

345,480 
,096 

X 

55. OOX 

190, 

.0  14 

X 

25.  OOX 

86, 

.370 

PPORT 

NO  1CM43722 
D.  T.P. 

X  100. OOX 

529, 

529,894 
,894 

SURG. 
RAP. 
CHEM. 
SUPPORTIVE 

NO  1Cn87222 
CTEP 

CARE 

X100.00X 
30.00 
30  .00 
20.00 
20  .00 

49, 
14, 

14; 

9, 
9 

49,564 

,564 
,869 
,869 
,9  13 
,913 

NO  1CM67  056 
CTEP 

X 

10.  OOX 

4 

42,230 
,223 

RAD. 

s 

RAD. 
CHEM. 

X 
X 

30. OOX 

60. OOX 

30.00 

30.00 

12 

25 
12 
12 

,669 

,338 
,669 
,669 

NO  1CM07358 
D.T.P. 

X 

100. OOX 

16 

16,828 
,828 

51 


NAME 


4  AREA 


PERCENT  OF 
EFFORT 


DOLLAR 
LEVEL 


COMMUNITY  BLOOD  X  PLASMA  SERVICE  N0  1CM97  196 

CO. P. 
CLINICAL  TRIALS  SUPPORTIVE  RESEARCH 
NON-SPECIFIC  BLOOD  PRODUCTS 


527,648 


CONTROL  DATA  CORPORATION 

PROGRAM  MANAGEMENT 

ADMINISTRATION 
OTHER  CLINICAL  TRIALS  RESEARCH 

CNS  TUMORS  DATA  PROC. 

CORDOVA  CHEMICAL  COMPANY 

PROCUREMENT  OF  PRECLINICAL  MATERIAL 

SYNTHETICS 
PROD.  AND  FORM.  FOR  CLINICAL  TRIALS 

PRODUCTION,  SYNTHETICS 

DUKE  UNIVERSITY 

PROGRAM  MANAGEMENT 

ADMINISTRATION 
PHASE  II  CLINICAL  TRIALS 

CNS  TUMORS  RAD. 

PHASE  III  CLINICAL  TRIALS 

CNS  TUMORS  RAD. 

CNS  TUMORS  CHEM. 

EMMES  CORPORATION 

CLINICAL  TRIALS  SUPPORTIVE  RESEARCH 
LUNG 

FLORIDA,  UNIVERSITY  OF 


NO  1CM67  107 
CTCP 


«  SUFP, 


NO  1CM87201 
D.T.F. 


NO  ICM670  10 
CTEP 


NO  1CM87  193 
CTEP 


DATA  PROC.  X  SUPP. 


NO 1CM97320 
CTEP 
PHASE  III  CLINICAL  TRIALS 
LUNG  RAD. 

LUNG  CHEM. 

LUNG  SUPPORTIVE  CARE 

CLINICAL  TRIALS  SUPPORTIVE  RESEARCH 
LUNG  NUTRITION 

FLOW  LABORATORIES,  INC.  N0tCM07370 

D.T.P. 
ACQUISITION  OF  MATERIALS 

NEW  AGENT  PROCUREMENT,  MARINE/ARTHROPODS 


>;  too.  00^ 


10.  00>« 
90 . 00« 


«  50  .  00'< 
X  50.00^ 


10.00?< 

30  .00>< 

60  .  00^ 
30  .  00 
30  .  00 


*<  100  .  00^ 


527,648 


7,500 
67, 498 


^4,998 


251  ,774 


125,887 
125,837 


9,26  1 

27,782 

55,564 
27,782 
27,782 


92,606 


288,242 


288,242 


72,781 


70 

.  00>< 

50 

.947 

5, 

.  00 

3 

,639 

45, 

.  00 

32 

.751 

20  , 

.00 

14; 

,556 

30  , 

.  00^ 

2  1 

,834 
2,07  1, 

,08  1 

00. 

,  oox 

2,07  1, 

,08  1 

52 


MAME 


FLOW  LABORATORIES,  INC.  NO 

PROD.  AND  FOc:M.  TOR  CLINICAL  TRIALS 
ST0R.5DIST.  OF  DRUGS 

FLOU  LABORATORIES,  INC.  MO 

ACQUISITION  OF  MATERIALS 

DATA  PROCESSING  AS'D  SUPPORT 

STORAGE  DISTRIBUTION 
PROCUREMENT  OF  PRECLINICAL  MATERIAL 

STORAGE  DISTRIBUTION 
PROD.  AND  FO'-'M.  FOR  CLINICAL  TRIALS 

DATA  PROCESSING  AND  SUPPORT 

STORAGE  DISTRIBUTION 

FOX  CHASE  CANCER  CENTER  NO 

OTtlER  CLINICAL  TRIALS  RESEARCH 

NON-SPECIFIC  HARr:.JARE  DEVEL 


FRED  HUTCHINSON  CANCER  RESEARCH 

PHASE  II  CLINICAL  TRIALS 

LUNG  RAD. 

LUNG  CHEM. 

PHASE  III  CLINICAL  TRIALS 

LUNG  RAD. 

lung  chem. 

phase  iv  clinical  trials 

lu';g  rap. 

lung  chem. 

GECRGETOU'N  UNIVERSITY 

phase  iv  clinical  trials 

colc:;ectal  surg. 

colorectal  r  a  d . 

colorectal  chem. 

colorectal  him. 

georgeto'.'in  university 

clinical  trials  supportive  research 

NON-SPECIFIC  OTtlER 

GEORGETOl.'N    UNIVERSITY 

;  PHASE    I     CLINICAL     TRIALS 

N'ON-SPECIflC  CHEM. 


NO 


NO 


NO 


NO 


It 

PERCENT    OF 

X    AREA 

EFFORT 

1CM670SS 

D  .  T  .  P  . 

><  100  .  OO'' 

1CM9725''t 

D.T.P. 

X    60.00>< 

10.00 

50  .  00 

¥    3  0  .  0  0  ■■< 

¥     10.00^ 

1  .  CO 

9.00 

iCMTys  1^ 

CTEP 

X  100  .  OOX 

1CM7  7  Ki8 

CTEP 

*■    20  .  00^ 

10.00 

10.00 

y  60.00^ 

30.00 

5  0.00 

^    2  0.00-^ 

10.00 

10.00 

1CM6  7  0  9't 

CTEP 

^  100  .  00^- 

20  .  00 

15.00 

'( 5.Q0 

2  0.00 

1CM3  7  19''t 

CTEP 

^  100  .  00^ 

ICM'57208 

CTEP 

M    7  1.00^ 

DOLLAR 
LEVEL 


23  I,  000 


23  1  .000 


37'i,021 


22'),^  13 

57, -4  02 

187,0  11 

1  12,206 

37,''i02 

3,7^0 

33,662 


66^,720 


664,720 


19 , 3S2 

9.691 

9,691 

53,  K. 7 

2  9,07'* 

2  9  ,  0  7  <+ 

19.3S2 

9.691 

9,691 


96,912 


122. 'tS? 


122. '^37 
2  4  >  '*  5  7 
18,566 
r-5,0'?7 
2  4  ,  4  S  7 


233,857 


233,857 


48,25: 


67,967 
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NAME 


PHASE  II  CLINICAL  TRIALS 


X  AREA 


LEIJK. -ACUTE 

GR 

AN. 

CHEM 

LEUK. -ACUTE 

LYMPH 

CHEM 

GENERAL 

CilLM 

b;:east 

CHEM 

COLORECTAL 

CfiEM 

LUNG 

CHEM 

NELANOMA 

CHEM 

GEORGETOWN  UNIVERSITY 

NO  1CM973  10 

CTEP 

PROD.  AffD  FORM. 

FOR 

CLINICAL 

TRIALS 

FORMULATION 
BIOLOGICAL  STUDIES 

NUTRITION 
PROGRAM  rrNAGEMENT 

ADMINISTRATION 

COMMUNICATION  AND 
PHASE  I  CLINICAL 

COLORECTAL 
PHASE  II  CLINICAL 

COLORECTAL 

PANCREATIC 

STOMACH 
PHASE  III  CLINICAL 

COLORECTAL 

LUNG 

SIOMACH 

STOMACH 


EDUCATION 
TRIALS 

CHEM. 
TRIALS 

CHEM. 
CHEM. 
CHEM. 
TRIALS 

CHEM. 
CHEM. 
RAD. 
CHEM. 


CLINICAL  TRIALS 
COLORECTAL 
COLORECTAL 
COLORECTAL 
COLORECTAL 
SIOMACH 
COLORECTAL 
PANCREATIC 


SUPPORTIVE  RESEARCH 

SPEC.  PHARM./TOX. 

BLOOD  PRODUCTS 

PROTECTED  ENVIRON. 

NUTRITION 

MARKERS 

DATA  PROC.  i    SUPP. 

DIAG.  RADIOLOGY 


PERCENT 

OF 

DOLLAR 

EFFORT 

LEVEL 

«  2  9.00-^ 

19 

7  10 

2.00 

1 

35  9 

2.00 

1 

559 

5.0  0 

3 

5  -  S 

5.  CO 

5 

3  "  3 

5.  00 

3 

5  9  S 

5.00 

3 

393 

5.00 

3 

3  '^  S 

5.  00^ 

5.00^ 

5.  00^ 
2.  00 

3.0  0 
3  .  0  0  H 

2  0.00'^ 
10.00 

5.  GO 

5.  00 

30  .  00^ 

10.00 

5.0  0 

5.00 

10.00 

3  2  .  0  0  ¥ 
5.0  0 
5.00 
5.00 
5,  00 
5.00 
2.0  0 
5.00 


3.500 

3,500 

3.500 
1  .  'I  0  0 
2.100 

2,100 

1-+.  000 
7,000 
3,500 
3,500 

2  1,000 
7,000 
3,500 
3,500 
7.000 

2  2  ,  '•»  0  0 
3.500 
3,500 
3.500 
3,500 


■0  ,  000 


1  ,  ^t  0  0 
3.500 


[URLAN  INDUSTRIES 

ACQUISITION  OF  MATERIALS 

ANIMALS 
BASIC  SCREEN 

ANIMALS 
VERIFICATION  SCREEN 

ANIMALS 


NO 1CM505  9 
A.  P. 


:  6  8  ,  3  2  0 


'^  20  .  00^ 
>^  55.  00^ 
X  2  5.00?* 


5  3  ,  6  6  ■* 
1  '■*  7  ,  5  7  6 

6  7  ,  0  S  0 


HARLAN  INDUSTRIES 


ACQUISITION  OF  MATERIALS 
ANIMALS 


NO  1CM77  168. 
A. P. 


»«  20.01 


5  4,662 


10.932 
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NAME  #       PERCENT  OF  DOLLAR 

S  AREA       EFFORT  LEVEL 

BASIC  SCREEN  ^  55.00^       30,06-'t 

ANIMALS 
VERIFICATION  SCREEN  ^  25.00^       13,666 

ANIMALS 

HARLAN  INDUSTRIES  N0  1CM972^.2  255,860 

A. P. 
ACQUISITION  OF  MATERIALS  ^  2  0  .  0  0  ^^       51,172 

ANIMALS 
BASIC  SCREEN  ^  55.00^:      K40,723 

ANIMALS 
VERIFICATION  SCREEN  «  25. 00^       63,^65 

ANIMALS 

HARLAN  INDUSTRIES  N01CM972<^3  194,930 

A  .P. 
ACQUISITION  OF  MATERIALS  ^  2  0  .  0  0  >«       38,986 

ANIMALS 
BASIC  SCREEN  ^  55.00V      107,212 

ANIMALS 
VERIFICATION  SCREEN  ^  25.00^       43,733 

ANIMALS 

HAWAII,  UNIVERSITY  OF  N01CM33747  86,360 

D.T.P. 
ACQUISITION  OF  MATERIALS  ¥10  0.00*^'       86,360 

NEU  AGENT  PROCUREilEN  T ,  PLANT  PRODUCTS 

HAZLETON  LABORATORIES,  INC.  N01CM60125  41,000 

A. P. 
PHARMACOLOGY/TOXICOLOGY  M100.00«       4  1,000 

ANIMALS 

HAZLETON  LABORATORIES.  INC.  N01CM87156                       276,000 

CO. P. 

BIOLOGICAL  STUDIES  «  70.00^ 

BIOCHEMISTRY  20.00 

CELL  KINETICS  20.00 

MARKERS  10.00 

NUTRITION  20.00 

TREATMENT  STUDIES  ^  30.  00^ 

SURGERY  10.00 

RADIOTHERAPY  10,00 

CHEMOTHERAPY  10.00 

HAZLETON  LABORATORIES,  INC.  N0  1CM972  17 

D.T.P. 
ACQUISITION  OF  MATERIALS  «  20.00>^ 

ANIMALS 
I      VERIFICATION  SCREEN  ^  10. 00^ 

ANIMALS 


55 


193,200 

5  5,200 

5  5,200 

27.600 

55,200 

82,800 

27  .600 

27  ,600 

27,600 

480, 

,  000 

96  ,  000 

48,  000 

NAME 


PHARMACOLOGY/ TOXICOLOGY 

FHARriACOLOGY 

SPECIAL  TOXICITY  STUDIES 
BIOLOGICAL  STUDIES 

MARKERS 

HEALTH  RESEARCH,  INC. 

PHASE  II  CLINICAL  TRIALS 

PANCREATIC  CHEM. 

PHASE  IV  CLINICAL  TRIALS 

PANCREATIC  SURG. 

PANCREATIC  RAD. 

PANCREATIC  CHEM. 

OTHER  CLINICAL  TRIALS  RESEARCH 

PANCREATIC  DATA  PROC. 

HEALTH  RESEARCH,  INC. 


OTHER  CLINICAL  TRIALS  RESEARCH 

NON-SPECIFIC  PHOTORADIATION 

HEALTH  RESEARCH,  INC. 

ACQUISITION  OF  MATERIALS 

ANIMALS 
BASIC  SCREEN 

ANIMALS 
VERIFICATION  SCREEN 

ANIMALS 

HEALTH  RESEARCH,  INC. 

PHASE  IV  CLINICAL  TRIALS 

STOMACH  SURG. 

STOMACH  RAD. 

STO:iACH  CHEM. 

CLINICAL  TRIALS  SUPPORTIVE  RESEARCH 

STOMACH  MARKERS 

.HEALTH  RESEARCH,  INC. 

PHASE  IV  CLINICAL  TRIALS 

COLORECTAL  SURG. 

COLORECTAL  RAD, 

COLORECTAL  CHEM. 

COLORECTAL  IMM. 

.IIT  RESEARCH  INSTITUTE 

ACQUISITION  OF  MATERIALS 


» 

PERCENT  OF 

1 

COLLAR 

&  AREA 

EFFORT 

LEVEL 

¥: 

40  .  00^ 

192 

,  000 

10.00 

4S 

,000 

30  .  00 

144 

,  000 

¥ 

3  0  .  0  0  X 

144 

,  000 

NO  1CM43794 

54,000 

CTEP 

^ 

30  .00^ 

16 

,200 

¥ 

50 . 00 < 

27 

,000 

5.00 

2 

,700 

20.  00 

10 

,S00 

25.00 

13 

,500 

X 

20  .  00^ 

10 

,80  0 

SUPP. 

NO  (CM973  1 1 

49,9  12 

CTEP 

« 

1  0  0  .  0  0  X 

4  9 

,9  12 

ON  THE 

NO  1CM77  10  1 

82,083 

A. P. 

X 

2  0.00V- 

16, 

,4  17 

H 

55. 00^ 

45, 

,  146 

K 

25. OOf 

20, 

,521 

NO  1CM43782 

44,824 

CTEP 

* 

90.00?« 
25.  00 
25.  0  0 

40, 
1  1  , 
1  1  , 

.342 
.2  06 
,206 

40.00 

17, 

,  930 

^ 

10.00^ 

4, 

,  4S2 

NO  1CM57034 

100.000 

CTEP 

X 

lOO.OO^f 

100, 

,000 

20 .  on 

20, 

.0  00 

15.00 

15, 

.  000 

4  5.00 

45, 

.000 

20.00 

20, 

000 

NO  1CM07359 

19,377 

D.T.P. 

^ 

100  .  00>i 

19, 

377 
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NAME 


NEW  AGENT  PROCUREMENT,  SYNTHETICS 
IIT  RESEARCH  INSTITUTE 

ACQUISITION  OF  MATERIALS 

BIGA5SAY  OF  NATURAL  PRODUCTS 

BASIC  SCREEN 

PRIMARY  SCREENING.  IN  VITRO 
PRIMARY  SCREENING,  IN  VIVO 
DATA  PROCESSING  AND  SUPPORT 

VERIFICATION  SCREEN 

DETAILED  DRUG  E\'ALUATION,  IN  VIVO 

ILLINOIS,  UNIVERSITY  OF 

ACQUISITION  OF  MATERIALS 
LITERATURE  SURVEILL. 


S  AREA 

PERCENT  OF 
EFFORT 

DOLLAR 
LEVEL 

NO  1CM972  13 
D.T.P. 

¥ 

20  .  00>^ 

59, 

299,^50 

,890 

65.00>< 
5.00 

55.00 
5.  CO 
15.  00>^ 

19'*, 
1<i. 

16'i 
14 
<■»'♦ 

.64  5 
.973 
.693 
,973 
,  913 

NO 1CM97259 
D.T.P. 

¥ 

100.00^ 

99 

99,837 

,837 

ILLINOIS,  UNIVERSITY  OF  N01CM97295 

D.T.P. 
ACQUISITION  OF  MATERIALS 

NEW  AGENT  PROCUREMENT,  PLANT  PRODUCTS 
NEU  AGENT  PROCUREMENT,  FERMENT/ ANT  I B I OT 
BIOASSAY  OF  NATURAL  PRODUCTS 
PROCUREMENT  OF  PRECLINICAL  MATERIAL 
PLANT  PRODUCTS 
FERMENTATION/ANTIBIOTICS 


INDIANA  UNIVERSITY  FOUNDATION 

PROGRAM  MANAGEMENT 

i  CM  I  fJ  I  ST  RAT  ICN 
PHASE  II  CLINICAL  TRIALS 

CNS  TUMORS  RAD. 

PHASE  III  CLINICAL  TRIALS 

CNS  TUMORS  RAD. 

CNS    TUMiORS  CHEM, 

INFORMATION  MANAGEMENT  SERVICES, 


N01CM67057 
CTEP 


NO  1CP7  10  IOC 
CTEP 


CLINICAL  TRIALS  SUPPORTIVE  RESEARCH 

LUNG  DATA  FROC.  S  SUPP. 


INFORMATION  PLANNING  ASSOC. 


PROGRAM  MANAGEMENT 

DATA  PROCESSING  AND  SUPPORT 


.IN3TITUT  JULES  BORDET 
BASIC  SCREEN 


NO  1CM7  7  104 
CTEP 


NO 1CM0735( 
D.T.P. 


^    85.  00=< 

65.  00 

15.00 

5.0  0 

^     15.  00=< 

10.00 

5.  00 


^  10  .  00>< 

X  30  .  00^ 

>f  60  .  00>< 
30.00 
30  .  00 


^  1  00  .  00>< 


"  100. 00> 


^  8  0  .  0  0  •< 


140 

,241 

119, 
9  1  , 
?  1  , 

7, 
2  1  , 
14, 

7  , 

,205 
,  157 
,036 
.0  12 
,0  36 
,024 
.0  12 

63 

.282 

6, 

,328 

18, 

,955 

37 
IS 
IS, 

,969 
.  98  5 
,985 

95 

.358 

95, 

.358 

164, 

.80  1 

164, 

,80  1 

24  7, 

,565 

198, 

.292 
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S    AREA 


PERCENT    OF 
E  F  }"•"  0  R  T 


r;OLLAR 
LEVEL 


NO  1CM570'^0 
D.  T  .P. 


PRIMARY  SCREENING,  IN  VIVO 
VERIFICATION  SCREEN 

DETAILED  DRUG  EVALUATION,  IN  VIVO 

INSTITUT  JULES  BORDET 

BASIC  SCREEN 

PRIMARY  SCREENING,  IN  VIVO 
VERIFICATION  SCREEN 

DETAILED  DRUG  EVALUATION,  IN  VIVO 


INSTITUT  JULES  BORDET  -  N0  1CM538'iO 

O.D. 
ACQUISITION  OF  MATERIALS 

NEH  AGENT  PROCUREMENT,  SYNTHETICS 

NEW  AGENT  PROCUREMENT,  FERMENT/ ANT  I B lOT 
BIOLOGICAL  STUDIES 

DRUG  EVAL ./INVEST. 
PROGRAM  MANAGEMENT 

CO;'"'.UNICATION  AND  EDUCATION 

RESOURCE  DEVELOPMENT 

DATA  PROCESSING  AND  SUPPORT 


;0  .  00' 


;0  .  00"^ 
;0.  C0>< 


4  9,57  3 


INSTITUTE  OF  CANCER  RESEARCH 


ACQUISITION  OF  MATERIALS 

NE'J  AGENT  PROCUREMENT,  SYNTHETICS 
DATA  PROCESSING  AND  SUPPORT 

VERIFICATION  SCREEN 

DETAILED  DRUG  EVALUATION,  IN  VITRO 

DETAILED  DRUG  EVALUATION,  IN  VIVO 

DET.  DRUG  EVAL.,  RELATED  NEN  MODEL  DEVEL 


INSTITUTE  OF  CANCER  RESEARCt 


ACQUISITION  OF  MATERIALS 

MEU  AGENT  PROCUREMENT,  SYNTHETICS 

IOWA,  UNIVERSITY  OF  N01CM97319 

CTEP 
PHASE  III  CLINICAL  TRIALS 
LUNG  RAD. 

LUNG  CHEM. 

LUNG  SUPPORTIVE  CARE 

CLINICAL  TRIALS  SUPPORTIVE  RESEARCH 
LUNG  NUTRITION 

IOWA,  UNIVERSITY  OF 


FORMULATION 

DEVEL.  OF  EXP.  FORMULATIONS 


X 

70 

.  00^ 

5, 

.  oc 

45. 

.00 

ARE 

20  , 

,  00 

X 

3  0  , 

,  00>( 

NO  1CM'')3  7'4  3 

D. T .P. 

¥ 

20  . 

,  00^ 

79,500 


63, 

,600 

15 

.  900 

93, 

,  900 

¥ 

30. 

.  oov 

23, 

,  170 

25. 

,  00 

2  3  , 

,475 

IBIOT 

5  . 

,  00 

4  , 

.695 

X 

20  . 

.  OOv 

IS, 

,72  0. 

¥ 

50, 

.  00>^ 

4  6  , 

.  950 

3  0  , 

.  00 

28, 

,170 

s  , 

.  00 

4  , 

,6  95 

15, 

.  00 

14  , 

,  02  5 

NO  1CM'-t3736 

105.000 

D.T.P  . 

X 

50 

.  OOx 

52: 

,50  0 

4  0 

.  CO 

4  2 

,000 

10 

.  00 

10 

,500 

u 

5  0 

.  OGx 

t;  -) 

,50  0 

5 

.00 

'5 

,250 

20 

.00 

2 1 , 

,000 

DEVEL 

.2  5 

.00 

2  5  ! 

,250 

NO 1CM77 139 

52,500 

D.T.P. 

X 

100 

.  00^ 

52 

,500 

49.931 


34 . 952 
2.497. 

22,46  9 
9,9  36 

14,979 


19.000 


)5,  000 
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NAME 


PROD.  AMD  FORM.  FOR  CLINICAL  TRIALS 
FORMULATION 
ANALYTICAL  AND  QUALITY  CONTROL 

1ST.  NAZION  PER  LO  STUD  E  LA  CURA  DEI 

PHASE  II  CLINICAL  TRIALS 

COLORECTAL  CIIEM. 

STOMACH  CM  EM. 

PHASE  III  CLINICAL  TRIALS 

BREAST  CHEM. 

PHASE  IV  CLINICAL  TRIALS 

BREAST  SURG. 

BREAST  RAD. 

BREAST  CMEM. 

CNS  TUMORS  SL'KG. 

CMS  Tur;oKS  rad. 

CNS  TUMORS  CHEM. 

1ST.  NAZION  PER  LO  STUD  E  LA  CURA  DEI 

PHASE  II  CLINICAL  TRIALS 

MELANOMA  CHEM. 

PHASE  IV  CLINICAL  TRIALS 

MELANOMA  SURG. 

MELANOMA  CHEM. 

MELANOMA  IMM. 

JAPANESE  FOUNDATION  FOR  CANCER  RESE\RCH 

ACQUISITION  OF  MATERIALS 

NEW  AGENT  PROCUREMENT,  SYNTHETICS 
NEW  AGENT  PROCUREMENT.  FERMLNT/Atll 
BASIC  SCREEN 

IN  VITRO 
IN  VIVO 


PRIMARY  SCREENING, 

PRJM/'RY  SCREENING, 

DRUG  EVALUATION 
PROGRAM  MANAGEMENT 

COM'MUNICATION  AND  EDUCATION 

RESOURCE  DCVELOTMENT 
PHASE  I  CLINICAL  TRIALS 

LEUK. -ACUTE  GRAN.      CHEM. 

LEUK. -ACUTE  LYMPH.     CHEM. 

NON-SPECIFIC  CHEM. 

PHASE  II  CLINICAL  TRIALS 

LEUK. -ACUTE  GRAN.      CHEM. 

LEUK. -ACUTE  LYMPH.     CHLM. 

NON-SPECIFIC  CHEM. 


# 

PERCENT  OF 

DOLLAR 

&  AREA 

EFFORT 

LEVEL 

¥ 

8  0  .  0  0  "< 

76,  000 

70.00 

6  6.500 

10.00 

9,500 

NO  1CM337  K 

17,262 

CTCP 

¥ 

1  5  .  0  0  M 

2,58  9 

10.00 

1  .726 

5.00 

86  3 

y. 

3  5.00* 

6  ,  0  'i  2 

¥. 

5  0.00- 

S  .  6  3  1 

16.00 

2,  762 

6  .  00 

1  ,  036 

16.00 

2,762 

<i  .  00 

690 

4.00 

690 

4.90 

6^0 

NO  1CM't3726 

165,505 

CTEP 

¥ 

4  0.00^ 

6  6,202 

V 

60.  00^ 

99.303 

20  .  00 

3  3,  101 

20  .  00 

5  3,  101 

20  .  00 

3  3,  101 

NO  1CM2205^ 

56,000 

O.D. 

¥ 

10.00^ 

5,600 

5.  00 

2  .  8  0  0 

IBIOT 

5.0  0 

2,800 

X 

40.00^ 

2  2,400 

2,  00 

1  ,  120 

18.00 

10.030 

20  .  00 

11.200 

if 

20  .  00^ 

11.200 

10.00 

5,600 

10.00 

5.600 

K 

15.  C0>' 

S  .  4  0  0 

5.00 

2,800 

5.  00 

2.S00 

5.  00 

2,800 

^ 

15.00^ 

S  ,  4  0  0 

5.0  0 

2,800 

5.00 

2. SCO 

5.  00 

2,800 
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N.AME 

KANSAS,  UNIVERSITY  OF-MEDICAL  CENTER 

PHASE  I  CLINICAL  TRIALS 

NON-SPECIFIC  CHEM. 

PHASE  II  CLINICAL  TRIALS 

LEUK. -ACUTE  GRAN.  CHEM 

LEUK. -ACUTE  LYI'PH.  CHEM 

GENERAL  CHEM 

EF;EAST  CHEM 

COLORECTAL  CHEM 

LUNG  CHEM 

MELANOMA  CHEM 

KENTUCKY,  UNIVERSITY  OF 

PROGRAM  MANAGEMENT 

ADMINISTRATION 
PHASE  II  CLINICAL  TRIALS 

CNS  TUMORS  RAD. 

PHASE  III  CLINICAL  TRIALS 

CNS  TUfiORS  RAD. 

CMS  TUMORS  CHEM. 

KYOWA,  NAKKO,  KOGYO  CO.,  LTD. 


ACQUISITION  OF  MATERIALS 

NEW  AGENT  PROCUREMENT,  PLANT  PRODUCTS 


LABORATORY  RESEARCH  ENTERPRISES.  INC. 

PH  A  Rfi  A  CO  LOGY/ TOXICOLOGY 
ANIMALS 

LABORATORY  SUPPLY  COMPANY,  INC. 

ACQUISITION  OF  MATERIALS 

ANIMALS 
BASIC  SCREEN 

ANIMALS 
VERIFICATION  SCREEN 

ANIMALS 

LABORATORY  SUPPLY  COMPANY,  INC. 

ACQUISITION  OF  MATERIALS 

ANIMALS 
BASIC  SCREEN 

ANIMALS 
'.  VERIFICATION  SCREEN 

ANIMALS 


X  AREA 

PERCENT  OF 
EFFORT 

NO  1CM97272 
CTEP 

>< 

7  1  .  00¥ 

y 

29.  00^ 
2.00 
2.00 
5.00 
5.00 
5.  00 
5.00 
5.00 

NO  ICM67058 
CTEP 

H 

10  .  on>< 

H 

30  .  00?^ 

V 

6  0  .  0  0  >• 
3  0.00 
50.  00 

NO  1CM8  7 190 
D.T -P. 

CTS 

K 

100.  00^ 

NO  1CM6  0  12'i 
A. P. 

^ 

100.  OO^f 

NO  1CM50577 
A. P. 

y 

20.00« 

^ 

55.00V 

¥ 

25.00»f 

NO  1CM9724<+ 
A  .  P  . 

y 

20 . OOx 

i( 

55. 00^ 

^ 

25.00^ 

30LLAR 

LEVEL 

9  1  ,762 

65 

151 

26 
1 
1 

6  1  1 
S35 

835 

4 

58S 

"+ 

5fi3 

4 

588 

4 

535 

4 

53S 

45,064 

(i 

506 

13 

5  19 

27 

038 

13 

5  19 

13 

5  19 

0  0,000 

100 

000 

4,752 

58,6  56 

16  1,304 

73,320 

4  0,963 
1  12,6  48 

5  1.204 


4,752 


:93,280 


204  ,815 


60 


N.AME 


LEO  GOODWIN  INST.  FOR  CANCER  RESEARCH 

ACCUISITION  OF  MATERIALS 

ASiriALS 
BASIC    SCREEN 

ASIMALS 
VERIFICATION  SCREEN 

ANIMALS 

LITTON  BIOHETICS,  INC. 

PROD.  AND  FORM.  FOR  CLINICAL  TRIALS 
DATA  PROCESSING  AND  SUPPORT 

BIOLOGICAL  STUDIES 
IMilUNOLOGY 

LITTON  BIONETICS.  INC. 

BIOLOGICAL  STUDIES 

BIOC;iE";ISTRY 

CELL  KINETICS 

MARKERS 

f.'UTRITION 
TREATMENT  STUDIES 

SURGERY 

RADIOTHERAPY 

CHEMOTHERAPY 

LITTON  BIONETICS.  INC. 

PROCUREMENT  CF  PRECLINICAL  MATERIAL 

ANTICODIES/ANIIGLNS 
BIOLOGICAL  STUDIES 

MOLECULAR  BIOLOGY 

LITTON  BIONETICS,  INC. 

PROCUREMENT  OF  PRECLINICAL  MATERIAL 

ANTILUDIES/ANTIGENS 
BIOLOGICAL  STUDIES 

MOLECULAR  BIOLOGY 

LITTON  BIONETICS,  INC. 

BIOLOGICAL  STUDIES 
BIOCHEMISTRY 
CELL  BIOLOGY 
IM.MJNOBIOLOGY 
M.OLECULAR  BIOLOGY 


» 

PERCENT  OF 

S  AREA 

EFFORT 

NO  1CM7  7  165 

A. P. 

¥. 

■20.00>« 

^ 

55.  00^ 

^ 

25.00^ 

NO  1Cn67067 

CO. P. 

^ 

t0.00'< 

)t 

90.00>< 

NO  1CM87  169 

CO. P. 

i( 

70.00^ 
20.00 
.":  0  .  0  0 
10  .00 
20.00 

« 

30  .  00)^ 
10.00 
10  .  CO 
10.00 

NO  1CM073H7 

D.  T.P. 

^ 

50.  OO'* 

^ 

50. OO'^ 

NO  1CM77  13'^ 

D.T.P. 

¥ 

50.00^ 

^ 

5  0  .  0  0  >^ 

NO  1CM87  187 

D.T.P. 

^  ■ 

100.005^ 
50.00 
30.00 
10.  CO 
30.  00 

DOLLAR 
LEVEL 


92,5<t8 


18,470 
50,79  1 
23,087 

20,000 
180,000 


200.000 


289,  150 


!02,'i05 
57,830 
5  7  .  S  3  0 
28.  9  15 
5  7,830 
86,7m5 
23.9  15 
23.  9  15 
28.9  15 


S^'*,  137 


272,069 
272,069 


2'!*, 000 
2'i,000 


48,000 


72  1,000 


721  ,000 
216,300 
2  16,300 
72.  100 
2  16,300 
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NAME 


i    AREA 


PERCENT  OF 
EFF'ORT 


DOLLAR 
LEVEL 


LITTON  BI0NETIC5,  INC.  N0ICO753S0K 

D.T.P. 
ACQUISITION  OF  MATERIALS 

NEW  AGENT  PROCUREMENT,  FERMENT/ANT  I B I  0 T 
BASIC  SCREEN 

PRIMARY  SCREENING,  IN  VITRO 

ANIMALS 
VERIFICATION  SCREEN 

ANIMALS 
PROCUREMENT  OF  PRECLINICAL  MATERIAL 

FERMENT  AT  ION/ ANTIBIOTICS 


12.00' 
3.00 


C  0 
00- 

00' 


198,720 

^9.650 

1  2  .  ''t  2  0 

3  7,260 

I  2  'i  .  2  0  0 

-^  ;  .  -I  0  0 


LITTON  BIONETICS,  INC.    '  NOIC075380D 

D.T.P. 
ACQUISITION  OF  MATERIALS  ^    ''tS.OOH    1 

NEIJ  AGENT  PROCUREMENT,  FERMENT/ ANT  IB  lOT 
BASIC  SCREEN  ^     12.00^      '+^1,950 

PRIMARY  SCREENING,  IN  VITRO  3.00        117.990 

ANIMALS  9.0  0       3  5  5.970 

VERIFICATION  SCREEN  ^  30.00-     1,i:9.<'00 

ANIMALS 
PROCUREMENT  OF  PRECLINICAL  MATERIAL  ^  10.00-      393.300 

FERMENT AT  ION/ ANT IBIOTICS 


3,  933,000 

'57  .3';0 


MARIO  NEGRI  INST  OF  PH APMACOL OGICAL 


PHARMACOLOGY/ TOXICOLOGY 
PHARMACOLOGr 


NO  1  CM 9 72  5  0 
D.T.P. 


^10  0.00- 


'5,000 


75,000 


MARSHALL  RESEARCH  ANIMALS,  INC. 


PHARMACOLOGY/ TOXICOLOGY 
ANIMALS 


NO  icrui0 1; 

A. P. 


100  .  00>< 


35,750 


35,750 


MARYLAND,  UNIVERSITY  OF 


NO  ICM437'^S 
BCRC 


3, 938,000 


BIOLOGICAL  STUDIES 
■   BIOCHEMISTRY 

CELL  BIOLOGY 

CELL  KINETICS 

MOLECULAR  BIOLOGY 

DATA  PROCESSING  AND  SUPPORT 
PROGRAM  MANAGEMENT 

ADMINISTRATION 
PHASE  I  CLINICAL  TRIALS 

NON-SPECIFIC  CHEM. 

NON-SPECIFIC  P  H  A  RM . / T  OX . 

PHASE  II  CLINICAL  TRIALS 

LEUK. -ACUTE  GRAN.      CHEM. 

LEUK. -ACUTE  GRAN.      SUPPORTIVE  CARE 


.  00^ 

.  00 
.  00 
.  00 
.  00 
.  CO 
5.00^ 

8.  00^ 

7.00 
1.00 
1.00- 
2.00 
1  .  00 


9  8  '(  .  5  0  0 

^(33,  1  2.  0 
3  9  .  3  ?  0 
3  9  .  38  0 

<"*  3  3  ,  ISO 
39. 38  0 

1  1 6  ,  >T  0  0 

3  1  5  ,  0  '')  0 

2:"5.650 

3  9.330 

8  2  6,9  2  0 

7  8,760 

39,330 
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NAME 

tt 

PERC 

;nt  of 

DOLLAR 

&    AREA 

EFFORT 

LEVEL 

LEUK. -ACUTE  LYMPH. 

CHEM. 

.00 

3  9 

380 

LEUK.-CHRON.  GRAN. 

CHEM. 

00 

39 

330 

LEUK.-CHRON.  GRAN. 

SUPPORTIVE 

CARE 

00 

39 

380 

LYMPHOMA-HODGKIN'S 

CHEM. 

0  0 

39 

330 

LYMPHOriA-LYflPHOCYT 

CHEM. 

00 

39 

38  0 

BREAST 

CHEM. 

O 

0  0 

7S 

760 

BREAST 

PHARM./TOX 

on 

39 

350 

BREAST 

SUPPORTIVE 

CARE 

00 

39 

3S0 

COLORECTAL 

CHEM. 

00 

3  9 

380 

KIDNEY 

CHEM. 

00 

39 

380 

LUNG 

CHEM. 

GO 

39 

38  0 

LUNG 

PHARM./TOX 

00 

3  9 

38  0 

OVARIAN 

CHEM. 

00 

39 

32  0 

SARCOriAS  (GEN.) 

CHEM. 

00 

3  9 

38  0 

SARCOMAS  (GEN. ) 

PHARM./TOX 

00 

39 

3S0 

NON-SPECIFIC 

CHEM. 

o 

CO 

7S 

760 

PHASE  III  CLINICAL  TRIALS 

«  20 

00^ 

7S7 

600 

LEUK. -ACUTE  GRAN. 

CtlEM. 

3 

00 

1  IS 

140 

LEUK. -ACUTE  GRAN. 

SUPPORTIVE 

CARE 

1 

00 

39 

38  0 

LEUK. -ACUTE  LM1PH. 

CHEM. 

1 

00 

39 

38  0 

LEUK. -ACUTE  LYNPH. 

SUPPORTIVE 

CARE 

1 

0  0 

39 

3S0 

LYMPHOMA-HODGKIH'S 

CHEM. 

2 

00 

78 

760 

LYriPHOriA-HODGICIN'S 

SUPPORTIVE 

CARE 

1 

CO 

39 

38  0 

LYIIPHONA-LYMPHOCYT 

CHEM. 

1 

00 

39 

33  0 

LYr.PHOMA-MYCO.FUNG 

CHEM. 

1 

00 

39 

33  0 

MYELOMA 

CHEM. 

1 

0  0 

3  9 

380 

BREAST 

CHEM. 

1 

00 

39 

380 

COLORECTAL 

CHEM. 

1 

00 

3  9 

33  0 

LUNG 

CHEM. 

2 

00 

78 

:'6  0 

LUNG 

SUPPORTIVE 

CARE 

1 

00 

39 

330 

NON-SPECIFIC 

CHEM. 

2 

00 

73 

760 

NON-SPECIFIC 

SUPPORTIVE 

CARE 

1 

00 

39 

33  0 

PHASE  IV'  CLINICAL  TRIALS 

^     1 9 

OOv 

7'iS 

220 

LEUK. -ACUTE  GRAN. 

CifEM. 

<-, 

00 

157 

520 

LEUK. -ACUTE  GRAN. 

SUPPORTIVE 

CARE 

1 

00 

39 

33  0 

LEUK. -ACUTE  LYMPH. 

CHEM. 

1 

00 

39 

38  0 

LEUK.-CHRON  LYMPH. 

CHEM. 

1 

00 

39 

3S0 

LYiMPHOMA-tlODGKIN'S 

SURG. 

2 

0  0 

78 

760 

LYMPHOMA-HODGKIN'S 

RAD. 

2 

00 

78 

760 

LYMFHOMA-HODGKIN'S 

CHEM. 

3 

00 

1  ".S 

K(0 

LrMPHOriA-HODGKIN'S 

SUPPORTIVE 

CARE 

2 

00 

78 

760 

LYM.PHOMA-LYMPHOCYT 

CULM. 

1 

00 

39 

38  0 

LYMPHOMA-LYI'IPHOCYT 

SUPPORTIVE 

CARE 

1 

00 

39 

580 

NON-SPECIFIC 

CHEM. 

1 

00 

39 

380 

OTHER  CLINICAL  TRIALS 

RESEARCH 

^   2 

OCX 

75 

760 

NON-SPECIFIC 

DATA  PROC. 

S  SUPP. 

AND,  UNIVERSITY  OF 

NO  1CM57223 
CTEP 

78,43 

PHASE  IV  CLINICAL  TRIALS 

^-  100 

00^ 

78 

436 

HEAD  AND  NECK 

SURG. 

30 

00 

23 

53  1 
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NAME 


HEAD  AND  NECK 
HEAD  AND  NECK 
HEAD  AMD  NECK 


8  AREA 


RAD. 

CHEM. 

5U1T0RTIVE  CARE 


MASON  RESEARCH  INSTITUTE 

BASIC  SCREEN 

TU[;OR    I'.ANK 
PHARriACOLOGY/TOXICOLOCiY 

PHARMACOLOGY 
BIOLOGICAL  STUDIES 

BIOCHEMISTRY 

MASON  RESEARCH  INSTITUTE 

TREATMENT  STUDIES 

DATA  PROCESSING  AND  SUPPORT 

MATHTECH,  INC. 


NO  1CMS7  \(,^i 
A. P. 


NO  1CM670  1  I 
CO. P. 


NO  1CM97  195 
CTEP 


CLINICAL  TRIALS  SUPPORTIVE  RESEARCH 

DATA  PROC.  X  SUPP. 


NON-SPECiriC 
MAYO  FOUNDATION 

PHASE  II  CLINICAL  TRIALS 

PANCREATIC  CHEM. 

PHASE  IV  CLINICAL  TRIALS 

PANCREATIC  SURG. 

PANCREATIC  RAD. 

PANCREATIC  CHEM. 
OTHER  CLINICAL  TRIALS  RESEARCH 

PANCREATIC  DATA  PROC. 

MAYO  FOUNDATION 

PHASE  III  CLINICAL  TRIALS 

STOMACH  CHEM. 

PHASE  IV  CLINICAL  TRIALS 

5I0MACH  SURG. 

STOMACH  RAD. 

STOMACH  CHEM. 
OTHER  CLINICAL  TRIALS  RESEARCH 

STOMACH  DATA  PROC. 

MAYO  FOUNDATION 

PHASE  II  CLINICAL  TRIALS 

BREAST  CHEM. 

COLORECTAL  CHEM. 

HEAD  AND  NECK  CHEM. 


NO  1CM'<3796 
CTEP 


S  SUPP. 


NO  ICM't3783 
CTEP 


X  SUPP. 


NO  lCM570^<i 
CTEP 


PERCENT  OF 
EFFORT 

30  .  00 
20  .  00 
20  .  00 


^  8.00^ 
H  77  .  00»( 
^  15  .  00?^ 

H  100  .  00*» 

><  1  0  0  .  0  0  ^: 

^  30  .  OOH 

^  50  .  OOH 
5.  00 
20  .  00 
25.  00 

><  20.00^ 

V  40  .  OOX 

>(  4  5.00^ 
10.00 
10.00 
25.  00 

^  15.00^ 


¥  55  .  00»< 
15.  00 
15.  00 
5.  00 


DOLLAR 
LEVEL 


23.531 
15,6S7 
15,6S7 


139, 042 


11,123 

107,  062 
20,856 

230,581 

5  K,  14  1 

29,384 

48,973 
4.S97 
19.55  9 
2  4.4S6 
19,5.S9 

39,802 

4  4.777 
9,95  1 
9,  95  1 

2  4,876 
14,926 


230.58  1 


5  14,  141 


97,94.5 


33.000 
9.000 
9,000 
3,  000 


99,505 


60,000 


64 


NAME 


LUMG  CHEM. 

MELANOr^A  CHEM. 

SARCOIIAS  (GEN.)  CHEn. 
PHASE  III  CLINICAL  TRIALS 

BREAST  CHEr-1. 

COLORECTAL  CHEM. 

HEAD  AND  NECK  CHEn. 

LUNG  CHEn. 

HELANCMA  CULM. 

SARCCnAS  (GEN. )  CHEn. 

MAYO  FOUNDATION 

PHASE  IV  CLINICAL  TRIALS 

COLORECTAL  SURG. 

COLORECTAL  RAD. 

COLORECTAL  CflEM. 
OTHER  CLINICAL  TRIALS  RESEARCH 

COLORECTAL  DATA  PROC.  « 

MAYO  FOUNDATION 

PHASE  II  CLINICAL  TRIALS 

LUNG  RAD. 

LUNG  CHEM. 
PHASE  III  CLINICAL  TRIALS 

LUNG  RAD. 

LUNG  Cll'llA. 

PHASE  IV  CLINICAL  TRIALS 

LUNG  RAD. 

LUNG  CHEM. 

MAYO  FOUNDATION 


PHASE  I  CLINICAL  TRIALS 

NON-SPECIFIC  CHEM 

PHASE  II  CLINICAL  TRIALS 

LEUK.-ACliTE    CHAN.  CHEM 

LEUK.-ACUIE    L>r;rH.  CflEM 

GEN'ERAL  CHEM 

r.REAST  CHEil 

COLORECTAL  CHEM 

LUI^G  CHEM 

MELANOMA  CHEM 

MAYO  FOUNDATION 


PROD.  AND  FORM.  FOR  CLINICAL  TRIALS 

FORMULATION 
BIOLOGICAL  STUDIES 

r;  U  T  R  I  T  I  0  N 


# 

PERCENT  OF 

DOLLAR 

S  AREA 

EFFORT 

LEVEL 

5.  00 

3 

000 

10.00 

6 

000 

5.  00 

3 

0  00 

¥■ 

<(  5  .  0  0  -^ 

27 

000 

10.00 

6 

000 

5.00 

3 

000 

5.  00 

3 

000 

5.  00 

3 

000 

15.00 

9 

000 

5.00 

3 

000 

NO  1CM57033 

150  ,000 

CTEP 

^ 

SO .  ac'i 

120 

000 

10.00 

15 

000 

30  .  00 

45 

000 

40  .  00 

60 

000 

X 

20  .  00>s 

30 

000 

SUPP. 

NO  1CM7  7  150 

91  .495 

CTEP 

¥. 

2  0.00^ 

18 

299 

io .  00 

9 

150 

10.00 

9 

150 

^ 

6  0.00V 

54 

S97 

3  0  .  G  0 

2  7 

449 

3  0.00 

27 

449 

y. 

20.00^ 

18 

2  9  9 

10.00 

9 

150 

10.00 

9 

150 

NO  tCM97273 

24  1  ,259 

CTEP 

y. 

7  1.00V 

17  1 

3  15 

K 

29.  OOV 

69 

974 

2  .  00 

4 

826 

2.00 

4 

826 

5.  00 

i  o 

064 

5.  00 

1  2 

064 

5.00 

12 

064 

5.03 

1  2 

064 

5.  00 

1  2 

06  4 

NO  1CM9726S 

216,085 

CTEP 


5.  OOV 

5.00V 


10,804 
10,804 
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PERCENT  OF 

DOLLAR 

ETFOfn 

LEVEL 

¥    5 

no- 

10  . 

S04 

2  . 

00 

<^ , 

32  2 

3. 

00 

6  , 

'•r3  3 

«   5  . 

00- 

6  . 

■^  S  J 

^    20  . 

00" 

<i3  . 

.217 

10  . 

0  0 

2  1  , 

.609 

5. 

,  0  0 

io . 

.  S  0  't 

5  . 

.  0  0 

10  . 

.  ?  n  4 

^    30  , 

.  0  0>^ 

6  't  ; 

,  2 :.  6 

10  , 

.  00 

2  1 

,6  09 

5, 

.  CO 

10 

.  S  0  "t 

5  , 

.  00 

1  0 

.  ■?  0  + 

lb 

,  00 

2  1 

,  i09 

^  32 

.00- 

(-,  9 

.  1't7 

5  . 

.  00 

10 

.  2  0  4 

5, 

.  00 

10  , 

,  £  0  <> 

5  , 

.  00 

10 

,  S  0  4 

5 

.  00 

10 

.SC^ 

5, 

.  00 

10 

.  2  C  't 

2 

.  00 

fi 

.322 

5 

.  00 

10 

,  SO-t 

NAME  S 

X  ARE^ 

PROGRAM  MANAGEMENT 

ADMINISTRAriOH 

COriilUNICATION  AND  EDUCATION 
PHAjE  I  CLINICAL  TRIALS 

COLORECTAL  CHEM. 

PHASE  II  CLINICAL  TRIALS 

COLORECTAL  CHEM. 

PANCREATIC  CHEM. 

STOMACH  CHEM. 

PHASE  III  CLINICAL  TRIALS 

COLORECTAL  CtlEM. 

LUNG  CHEM. 

STOMACH  RAD. 

STOMACH  CHEM. 

CLINICAL  TRIALS  SUPPORTIVE  RESEARCt) 

COLORECTAL  SKEC.  EflARM./TOX. 

COLORECTAL  BLOOD  PRODUCTS 

COLORECTAL  PROTECTED  ENVIRON. 

COLORECTAL  NUTRITION 

STOMACH  MARKERS 

COLORECTAL  DATA  PI^OC.  «  SUPP. 

PANCREATIC  DIAG.  RADIOLOGY 

MEDICAL  RESEARCH  COUNCIL  N0  1CMS7  17  1                        Z'i.OOO 

D. T.P. 

FORMULATION  «  20.00><  -^  ,  S  0  0 
LirOSCME  ENCAPS. 

VERIFICATION  SCREEN  ^:  30.00-  7,200 

DETAILED  DRUG  EVALUATION,  IN  VITRO               10.00  2  . -'.  0  0 

DETAILED  DRUG  EVALUATION.  IN  VIVO                 15.00  3,600 

DATA  PROCESSING  AND  SUPPORT  5.00  1.200 

PHARMACOLOGY/rOXICOLOGY  ^  30. 00^  7.200 

PHARMACOLOGY  15.00  3.600 

SPECIAL  TOXICITY  STUDIES  10.00  2  , --t  0  0 

DATA  PROCESSING  AND  SUPPORT  5.00  1,200 

TREATMENT  STUDIES  ^  20.00^  'i  ,  5  0  0 
CHEtlOTHERAPY 

MELOY  LABORATORIES,  INC.  N0  1CM07378  9S8.520 

D. T.P. 
ACQUISITION  OF  MATERIALS 

NEIJ  AGENT  PROCURLilENT  ,  MARINE/ 

MEMORIAL  HOSP.  FOR  CANCER  8  ALLIED 

PROGRAM  MANAGEMENT 

ADMINISTRATION 
PHASE  II  CLINICAL  TRIALS 

CNS  TUMORS  RAD. 

I      PHASE  III  CLINICAL  TRIALS 

CNS  TUMORS  RAD. 
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:R0r0D5 

¥  100  . 

,  00^ 

9  38 

.520 

NO  1CM570 19 
CTEP 

^  10  , 

.  00^ 

3 

.600 

35. 

.000 

^  30  , 

.  00" 

10 

,80  0 

X  60  , 
3  0  , 

.  00>* 
.  00 

2  1 

10 

,600 
,800 

NAHE 


CNS  TUMORS 


CHEM. 


MEMORIAL  H05P.  FOR  CANCER  «  ALLIED 

PHASE  II  CLINICAL  TRIALS 

BREAST  CHEM. 

CNS  TUMORS  CHEM. 

HEAD  AND  NECK  CHEM. 

LUNG  CHEM. 

MELANOMA  CHEM. 

SARCOMAS  (GEN.)  CHEM. 

STOMACH  CHEM. 

TESTICULAR  CHEM. 
PHASE  III  CLINICAL  TRIALS 

BREAST  CHEM. 

COLORECTAL  CHEM. 

HEAD  AND  NECK  CHEM. 

LUNG  CHEM. 

MELANOMA  CHEM. 

STOMACH  CHEM. 

TESTICULAR  CflEM. 

MEMORIAL  H05P.  FOR  CANCER  X  ALLIED 


PHASE  IV  CLINICAL  TRIALS 
HEAD  AND  NECK 
HEAD  AND  NECK 
HEAD  AND  NECK 
HEAD  AND  NECK 


SURG. 

RAD. 

CHEM. 

SUPPORTIVE  CARE 


MEMORIAL  HOSP.  FOR  CANCER  «  ALLIED 


PHAS 

NO 
PHAS 
LE 
LE 
GE 
r.R 
CO 
LU 
ME 


E  I 

N-SP 

E  II 

UK.- 

UK.- 

HERA 

EAST 

LORE 

NG 

LAND 


CLINICAL  TRIALS 
ECIFIC 

CLINICAL  TRIALS 
ACUTE  GRAN. 
ACUTE  LYMPH. 
L 

CTAL 

MA 


CHEM. 

CHEM. 
CHEM. 
CHEM. 
CHEM. 
CHEM. 
CHEM. 
CHEM. 


MIAMI,  UNIVERSITY  OF 

PHASE  II  CLINICAL  TRIALS 

PANCREATIC  SURG. 

PANCREATIC  CHEM. 

PANCREATIC  IMM. 
'.              PHASE  III  CLINICAL  TRIALS 

PANCREATIC  SURG. 


# 

PERCENT  OF 

DOLLAR 

X  AREA 

EFFORT 

LEVEL 

30  .  00 

10, 

.800 

NO  ICM570'>3 

78,474 

CTEP 

¥. 

60  .00:^ 

^7  . 

.054 

5.0  0 

3  , 

,  924 

5.  00 

3, 

.  924 

5.0  0 

3, 

,  924 

20  .  30 

15, 

.695 

5.00 

3, 

.9  24 

10.00 

7  , 

.847 

5  .  00 

3 

.  924 

5.00 

3  . 

.  924 

« 

'■t  0  .  0  0  ^ 

3  1  , 

.  S-iO 

5.  00 

3, 

,  924 

5.  00 

3  , 

,924 

5.  CO 

3  , 

.924 

5.00 

3, 

.924 

5.0  0 

3, 

.924 

5.0  0 

3, 

.92  4 

10.00 

7  , 

,S47 

NO  1CMS7224 

94,335 

CTEP 

K 

too  .  Onv 

94, 

.  535 

30  .  00 

2S. 

.30  1 

3  0.00 

2S, 

,  30  1 

20  .  00 

IS. 

.86  7 

ARE 

20  .  00 

13  , 

,S6  7 

NO  ICM'57274 

164,365 

CTEP 

¥ 

7  1.00^ 

1  16  , 

.699 

^ 

29.  OOH 

47  , 

,666 

2.  00 

3. 

28  7 

2.  00 

3, 

,2  "-7 

5.  00 

8, 

.2  IS 

5.  00 

8, 

.2  IS 

5.00 

S, 

.2  18 

5.  00 

8, 

.2  IS 

5.  00 

5, 

.218 

NO  1CM43SnO 

57,550 

CTEP 

X 

35.  OO'' 
1  .75 

20, 
1  , 

.  143 

.0  07 

2  1.00 

12  , 

.  08  5 

12.25 

7  , 

.050 

X 

55.  OO'-f 

3  1  . 

.653 

5.50 

3, 

.  165 
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NAME 


PANCREATIC  RAD. 

PANCREATIC  CHtr-1. 

PANCREATIC  IMM. 
PHASE  IV  CLINICAL  TRIALS 

PANCREATIC  SURG. 

PANCREATIC  RAD. 

PANCREATIC  CHEM. 

PANCREATIC  IMM. 

MIAMI,  UNIVERSITY  OF 

PHASE  IV  CLINICAL  TRIALS 

COLORECTAL  SURG. 

COLORECTAL  RAD. 

COLORECTAL  CMEM. 

COLORECTAL  IMM. 

MIAMI ,  UNIVERSITY  OF 

ACQUISITION  OF  MATERIALS 

STRUCTU:^E  ACTIVITY 
BIOLOGICAL  STUDIES 

PLOOD  PRODUCTS 

CELL  KIN'ETICS 

MOLECULAR  BIOLOGY 

OTHER 
PROGRAM  MANAGEMENT 

ADMINISTRATION 
PHASE  I  CLINICAL  TRIALS 

PANCREATIC  PHARM./TOX. 

MICHIGAN  TECHNOLOGICAL 

ACOUISITION  OF  MATERIALS 

NE;-J  agent  PROCUREMENT,  SYNTHETICS 
BASIC  SCREEN 

PRIMARY  SCREENING,  IN  VITRO 


S  AREA 


NO  1CM67093 
CTEP 


NO  iCM97290 
D  .  T  .  P  . 


NO  1CM0  72  93 
D. T .P. 


PERCENT  OF 
EFFORT 

19.25 
19.25 
11.00 
^  10.00^ 

1.09 

2.00 

5.00 

2.  00 


^  100  .  00>< 
20  .  00 
15.  00 

'■i  5  .  0  0 
2  0.00 


"     1  1  .  00>< 

^    62.  00*^ 
12.  00 
15.  00 
2  0.00 
15.  00 

^  15  .  00« 

^  12.00^ 


«  95.  00^ 
^   5. OOx 


DOLLAR 
LEVEL 


1  1  .07S 
1  1  ,  0  7S 
6,53  1 
5,755 
576 
1,15  1 
2,878 
1,15  1 


135,  000 


135,000 
2  7,000 
2  0,250 
6  0,750 
2  7,000 


183,  137 


20,  145 

1  I  3  ,  5  4  5 
2  I  ,97  6 
27,^7  1 
5  6,627 
2  7,471 
2  7  ,  'i  7  1 

2  1,976 


100,000 


95, 000 
5,000 


MICHIGAN,  UNIVERSITY  OF 


NO  1  CMS  7 225 
CTEP 


157  ,  1  i; 


PHASE  IV  CLINICAL  TRIALS 

HEAD  AND  NECK  SURG. 

HEAD  AND  NECK  RAD. 

HEAD  AND  NECK  CHEM. 

HEAD  AND  NECK  SUPPORTIVE  CARE 

MICROBIAL  CHEMISTRY  RESEARCH  FDN.  N0  1CM57009 

D. T.P. 
ACQUISITION  OF  MATERIALS 

NEW  AGENT  PROCUREMENT,  FERMEN 1 /AN TI B lOT 
BASIC  SCREEN 


^100.  00^ 
5  0.00 
30  .  00 
20.00 
2  0.00 


^  60  .  00^ 
^    'i  0  .  0  0  ' 


157 ,  1  12 
47,  154 

4  7,  154 

5  1,422 
3  1  ,422 


165, 00( 


99,000 
66,000 
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NAME 

PRIMARY  SCREEN.,  RELATED  NEW  MODEL  DEV'EL 
MICROBIOLOGICAL  ASSOCIATES 


ACQUISITION  OF  MATERIALS 

ANIMALS 
BASIC  SCREEN 

ANIMALS 
VERIFICATION  SCREEN 

ANKIALS 

MICROBIOLOGICAL  ASSOCIATES 

ACQUISITION  OF  MATERIALS 

ANI-:AL5 
BASIC  SCREEN 

ANIMALS 
VERIFICATION  SCREEN 

ANIMALS 

MIDWEST  RESEARCH  INSTITUTE 

PROCUREMENT  OF  PRECLINICAL  MATERIAL 
ANALYTICAL  AMD  QU\LITY  CONTROL 

PROD.  AND  FORM.  FO,^  CLINICAL  TRIALS 
ANALYTICAL  AND  QUALITY  CONTROL 

MISSOURI,  Ut.'IVERSITY  OF 

ACQUISITION  OF  MATERIALS 

ANIMALS 
BASIC  SCREEN 

ANIMALS 
VERIFICATION  SCREEN 

ANIMALS 

MISSOURI,  UNIVERSITY  OF 

ACQUISITION  OF  MATERIALS 

ANIMALS 
BASIC  SCREEN 

ANIMALS 
VERIFICATION  SCREEN 

ANirAALS 

MONSANTO  RESEARCH  CORPORATION 

PROCUREi'ENT  OF  PRECLINICAL  MATERIAL 
PLANT  PROD'JCTS 
I      PROD.  AND  FO'M.  FOR  CLINICAL  TRIALS 
PRODUCTION.  SYNTHETICS 


X  AREA 

PERCENT  OF 
EFFORT 

DOLLAR 
LEVEL 

DEVEL 

NO  1Cn972S7B 
A  .  P  . 

H 

20.00*; 

5 

27,500 
,500 

*< 

55.  00" 

15, 

.  125 

¥ 

25.00** 

6, 

,875 

NO  1CM97245 
A. P. 

K 

20  .f)OM 

■+4, 

223,560 
,7  12 

=« 

55.00^ 

122, 

,958 

« 

25.00^ 

55 

.S90 

N0  1CMS723''+ 
D.T.P. 

>« 

20  .00>< 

50, 

250,<t30 
,086 

¥: 

80.  OO'^ 

200, 

,  3'i4 

NO  1CMS7  157 
A. P. 

^i 

20.00'< 

17 

86.221 
.244 

V 

55.  OO*' 

47, 

,422 

>f 

25.00^ 

2  1  , 

.555 

HO  1CM972  1  1 
A. P. 

^ 

20.00>< 

16, 

83,965 

,793 

¥ 

55.00>( 

-^6, 

,  1S1 

X 

25.00!< 

20, 

,991 

NO  1CM97255 
D.T.P. 

¥ 

10.00^ 

70, 

706,000 

,600 

^ 

90.00" 
15.  00 

635, 
105, 

,400 
,  900 
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NAME 

PRODUCTION,  PLANT  PRODUCTS 
MONTEFIORE  HOSPITAL 

PROGRAM  MANAGEMENT 

ADMINISTRATION 
PHASE  II  CLINICAL  TRIALS 

CNS  TUMORS  RAD. 

PHASE  III  CLINICAL  TRIALS 

CNS  TUMORS  RAD. 

CNS  TUMORS  CHEM. 

MOUNT  SINAI  SCHOOL  OF  MEDICINE 

PHASE  IV  CLINICAL  TRIALS 

STOMACH  SURG. 

STOMACH  RAD. 

STOMACH  CHEM. 

CLINICAL  TRIALS  SUPPORTIVE  RESEARCH 

STOMACH  MARKERS 

MOUNT  SINAI  SCHOOL  OF  MEDICINE 

PHASE  IV  CLINICAL  TRIALS 

COLORECTAL  SURG. 

COLORECTAL  RAD. 

COLORECTAL  CHEM. 

COLORECTAL  IMM. 

CLINICAL  TRIALS  SUPPORTIVE  RESEARCH 

COLORECTAL  MARKERS 

MOUNT  SINAI  SCflOOL  OF  MEDICINE 

PHASE  I  CLINICAL  TRIALS 

NON-SPECIFIC  CHEM. 
PHASE  II  CLINICAL  TRIALS 

LEUK. -ACUTE  GRAN.  CHEM. 

LEUK. -ACUTE  LYMPH.  CHEM. 

GENERAL  CHEM. 

BREAST  CHEM. 

COLORECTAL  CflEM. 

LUNG  CHEM. 

MELANOMA  CHEM. 

MOUNT  SIKAI  SCHOOL  OF  MEDICINE 

PHARMACOLOGY/ TOXICOLOGY 

PHARMACOLOGY 
PHASE  I  CLINICAL  TRIALS 


i    AREA 


NO  1C'-'6706  1 
CTEP 


tCM538''+  1 
CTEP 


NO  1CM6  7  0  96 
CTEP 


UO   1CM97275 
CTEP 


NO  t  CM 9729 '■f 
D. T  .P. 


PERCENT  OF 
Ef FORT 


■5. 00 


10  .  00^ 

30  .  00- 

60  .  OC- 
30  .  00 
50  .  00 


QO  .  00^ 
2  5.00 
2  5.00 
')  0  .  0  0 
10.00' 


90 . 00> 
15.00 
15.00 
3  6.00 
1  8  .  C  Q 
10.00^ 


7  1.00^' 

29.  00» 
2.00 
2.00 
5.03 
5.  00 
5.00 
5.00 
5.  00 


DOLLAR 

LEVEL 


NON-SPECIFIC 
PHASE  II  CLINICAL  TRIALS 


PflARM./TOX. 


10  .  00>< 
80.00^ 
1  0  .  0  C  ^■ 


529.500 


89,536 


5  6  1 
S6  1 


2  4.575 

2  'i  .  5  7  5 

3  9.500 
9,950 


1  2  3  ,  '^  5  6 
2  'i  ,  6  9  7 
2  ^T  ,  6  '^'  7 
^"5  ,  3^5 
24.697 
13,72  1 


99,500 


12'i  .266 


0  37 
'■tS5 


2  13 

7,600 

6  0,800 

7,600 


'6  ,  000 
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NAME 

NON-SPECIFIC 
MURPHY  BREEDING  LABS, 


PHARM./TGX. 


INC. 


ACQUISITION  OF  MATERIALS 

ANIMALS 
BASIC  SCREEN 

ANIMALS 
VERIFICATION  SCREEN 

ANIMALS 

NATIONAL  ACADEMY  OF  SCIENCES 

PROGRAM  MANAGEMENT 

CO'li'.UNICATION  AND  EDUCATION 

NATIONAL  ACADEMY  OF  SCIENCES 

PROGRAM  MANAGEMENT 

COMMUNICATION  AND  EDUCATION 

NATIONAL  CENTER  FOR  HEALTH  STATISTICS 

PROGRAM  MANAGEMENT 

ADMINISTRATION 
CLINICAL  TRIALS  SUPPORTIVE  RESEARCH 

LEUK. -ACUTE  GRAN.  DATA  PROC. 

LEUK. -ACUTE  LYMPH.  DMA  PROC. 

LEUK.-CHRON.  GRAN.  DATA  PP.OC. 

LEUK.-CHRON    LYMPH.  DATA  PROC. 

L^MPHOMA-HISTIOCYT  DATA  PROC. 

LYr;PHC!MA-HODGKIN'S  DATA  PROC. 

LYMPHO;iA-LmrHOCYT  DATA  PROC. 

LYMPHOMA-MYCO. FUNG  DATA  PROC. 

MYELOMA  DATA  PRGC. 

BREAST  DATA  PROC. 

KIDNEY  DATA  PROC. 

LUNG  DATA  PROC. 

MELANOMA  DATA  PROC. 

OVARIAN  DATA  PROC. 

SARCOMAS  (GEN.)  DATA  PROC. 

TESTICULAR  DATA  PROC. 

NON-SPECIFIC  DATA  PROC. 

NEW  YORK  UNIVERSITY  MEDICAL  CENTER 

PROGRAM  MANAGEMENT 

ADMINISTRATION 
PHASE  II  CLIN'ICAL  TRIALS 
I        CK3  TUMORS  CHEM. 

PHASE  III  CLINICAL  TRIALS 


AREA 


NO  1CM50579A 
A. P. 


NO  1CM53850 
A. P. 


NO  ICMS^O  13A 
A. P. 


YO  1CMS0  109 
BCRC 


PERCENT  OF 
EFFORT 


X  20  .00? 
M  55.0  0^ 
><  25.00^ 


DOLLAR 
LEVEL 


:  SUPP. 

,  S!IPP. 

:  SUPP. 

.  SUPP. 

,  SUPP. 

;  SUPP. 

:  SUPP. 

;  SUPP. 

,  SUPP. 

\  SUPP. 

;  SUPP. 

;  SUPP. 

;  siipp. 

;  SUPP. 

;  SUPP. 

;  SUPP. 

;  SUPP. 

NO  1CM67059 
CTEP 


?«  100.  00> 


X  10.00' 

«  90  .  00' 
29.00 
-t.  0  0 
1  .  00 
1.00 
3.00 
1  '^  .  0  0 
5.  00 


00 


10.00 
1  .  00 

1  <•■> .  0  0 
1  .  00 
1.00 
1.00 
1  .  00 
2.00 


¥  10 . 00> 
H  30  .  00' 
>f  60  .  00' 


;76  ,  12( 


5  5,22^ 

15  1  ,866 

69,030 

36  ,333 

21  ,  000 


36,333 


21.000 


120, 

000 

12, 

,000 

108, 

.000 

34, 

,800 

1  , 
1  , 

.800 
,200 
,200 

3  , 

,600 

16  , 

,800 

6  , 
1  , 
1 

,  000 
,200 
,200 

12 

1 

,  000 
.200 

16 
t 

1 

1 
1 

,300 
,200 
,200 
.200 
,200 

,400 

89 

,554 

8 

,955 

26 

,866 

53 

,732 
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NAME 


CNS  TUMORS 
CNS  TUMORS 


RAD. 
CHEM. 


NEW  YORK  UNIVERSITY  MEDICAL  CENTER 
PHASE  III  CLINICAL  TRIALS 


X  AREA 


NO  1CM97  32  1 
CTEP 


LUNG  RAD. 

LUNG  CUEM. 

LUNG  SUPPORTIVE  CARE 

CLINICAL  TRIALS  SUPPORTIVE  RESEARCH 
LUNG  N'UTniTlON 


NORTHERN  CALIFORNIA  CANCER  PROGRAM 
PHASE  IV  CLINICAL  TRIALS 


NO  I  CMS 7  154 
CTEP 


HEAD  AND  NECK 

HEAD  AND  NECK 

flEAD  AND  NECK 

HEAD  AND  NECK 

NORTHRUP  SERVICES.  INC, 


SURG. 

RAD. 

CHEM. 

SUPPORTIVE  CARE 


ACQUISITION  OF  MATERIALS 

AfilMALS 
BASIC    SCREEN 

ANIMALS 
VERIFICATION    SCREEN 

ANIi'ALS 

OHIO  STATE  UNIVERSITY  RESEARCH 

PROGRAM  MANAGEMENT 

APIIINISIRATICN 
PHASE  IT  CLIN'ICAL  TRIALS 

CNS  TUMORS  CHEM. 

PHASE  III  CLINICAL  TRIALS 

CNS  TUMORS  RAD. 

CNS  TUMORS  CHEM. 

OHIO  STATE  UNIVERSITY  RESEARCH 


NO  1CM07286 
A. P. 


NO  ICM67060 
CIEP 


NO  ICM87  16  1 
D. T .P. 


P  H  A  R  M  A  C  0  L  0  G  Y/  T  0  X I  C  0  L  0  G  Y 

ANAL.  MEIH. 
CLINICAL  TRIALS  SUPPORTIVE  RESEARCH 

NON-SPECIFIC  SPEC.  PHARM./TO> 


OHIO  STATE  UNIVERSITY  RE5EARC^ 


PHARMACOLOGY/ TOXICOLOGY 
PHARMACOLOGY 


NO  1  CM 972 6 4 
D. T.F  . 


PERCENT  OF 
EFFORT 


30  .  00 
30  .  00 


«  7  0.00V 
5  .  00 
^(5.00 
20  ,  00 

^  50.00^ 


*<  I  00  .  00  "^ 
30  .  00 
30.00 
20.00 
20.00 


•<    2  0.00^ 
><  55.00V 

V  2  5.00V 

V  10.00V 

V  30.00V 

V  60.00V 
30  .  00 
30  .  00 

V  25.  OOv 

V  75. OOV 


100  .00' 


DOLLAR 
LEVEL 


26  ,866 
26,S66 


2  5,910 
1  ,S5  1 

16,6  56 
7  ,  'i  0  3 

1  1  ,  1  0  't 


37,0  K* 


205,827 


!05,S27 
6  1  ,  7  4  S 
6  1,748 
4  1,16  5 
4  1,  16  5 


12,26  6 
3  3,7  32 
15,333 

4.  366 

13,097 

26 . 194 
13,097 
13,097 

2  5,540 
76,6  19 


6  1,330 


43,656 


15S 


93,327 


.,327 


72 


NAME 


8  AREA 


PERCENT  OF 
EFFORT 


DOLLAR 
LEVEL 


ONTARIO  CANCER  INSTITUTE  N0  1CM97267 

CTEP 
PHASE  III  CLINICAL  TRIALS 
LUNG  RAD. 

LUNG  CMEM. 

LUN'G  SUfPORTIVE  CARE 

CLINICAL  TRIALS  SUPPORTIVE  RESEARCH 
LUNG  NUTRITION 


U1  ,035 


ONTARIO  CANCER  INSTITUTE 

PHASE  II  CLINICAL  TRIALS 

LUNG  RAD. 

LUNG  CM  EM. 
PHASE  III  CLINICAL  TRIALS 

LUNG  RAD. 

LUNG  CHEN. 

PHASE  IV  CLINICAL  TRIALS 

LUfiG  RAD. 

LUNG  CM  EM. 

PAPANICOLAOU  CANCER  RESEARCH  INSTITUTE 

ACQUISITION  OF  MATERIALS 

A'Jir^ALS 
BASIC  SCREEN 

ANIMHS 
VERIFICATION  SCREEN 

ANIMALS 

PARKE,  DAVIS  AND  COMPANY 


NO  1CM77 15; 
CTEP 


NO  ICM87230 

A. P. 


NO  1CM7  7  K)6 
D.T .P. 


ACQUISITION  OF  MATERIALS 

NE'.O  AGENT  FROCUR  ET^ENT  ,  FERMENT/ ANTI  BIOT 

DATA  PROCESSING  AND  SUPPORT 
BASIC  SCREEN 

PRIMARY  SCREENING,  IN  VITRO 

PRIMARY  SCREEN.,  RELATED  NEW  MODEL  DEVEL 


PHARM-ECO 


PROCUREMENT  OF  PRECLINICAL  MATERIAL 

SYNTHETICS 
PROD.  AND  FORM.  FOR  CLINICAL  TRIALS 

PRODUCTION.  SYNTHETICS 


PHILIPS  ROXANE  LABORATORIES,  INC. 
FORMULATIONS 


NO  tCM87200 
D.T. P. 


NO 1CM67053 
D.T. P. 


FORMULATION 

DEVEL.  OF  EXP. 


70  .  00^ 

5.  00 
^5.00 
20.  00 
3  0.00^ 


^  20  .  00=< 
10.00 
10.00 

^  60  .  00?< 
30.00 
30.  00 

X  20.00^ 
10.00 
10.00 


"^  20  .  00« 
^  55.00^ 
^    25.  00^ 


85.00>< 

8  3.00 

2.  00 

15.  OC^ 

10.00 
5.  00 


^  50  .  00>< 
^  50  .  00>« 


?*  20  .  00^ 


98.725 
7  ,052 
6  3  ,  -"t  6  6 
28,207 
■^2,3  11 


19.900 

9,  950 

9.950 

59,700 

29,830 

29,850 

19 .  ?00 

9,  950 

9,950 


99,500 


139,751 


27,  950 
7  6,863 
34, 938 


43,  194 
42,  178 
1,0  16 
7,623 
5,082 
2,54  1 


50,817 


290,523 


145,262 
14  5,262 


19  .896 


99,480 
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NAME 


PROD.  AMD  FORn.  FOR  CLINICAL  TRIALS 
FORMULATION 
ANALYTICAL  AND  QUALITY  CONTROL 

PITTSBURGH,  UNIVERSITY  OF 

PHASE  III  CLINICAL  TRIALS 

BREAST  SURG. 

BREAST  RAD. 

BREAST  CHEM. 

BREAST  inn. 

COLORECTAL  SURG. 

COLORECTAL  RAD. 

COLORECTAL  CHEM. 

COLORECTAL  ir;M. 


it 

P  E  R  C ' 

INT 

OF 

7DLLAR 

S  AREA 

L  F'  F 

ORT 

LEVEL 

^    80 

00- 

79 

5R '( 

70 

00 

6? 

6:>6 

10 

0  0 

9 

?  ■',  ,"- 

NO  1CD25S7  6B 

1  , 

126  ,00 

CTER 

"<  100 

00^ 

,1,-5 

000 

r?o 

00 

?.  .^  3 

200 

20 

GO 

2  -13 

20  0 

Z  0 

0  0 

Z  7 '-) 

2 : 0 

7  0 

CO 

2  2.5 

200 

5 

00 

5  i 

50  0 

5 

0  0 

5  6 

3  0  J 

5 

00 

5  6 

50  0 

5 

00 

56 

-5  0  0 

PITTSBURGH,  UNIVERSITY  OF 

PHASE  IV  CLINICAL  TRIALS 

COLORECTAL  SURG. 

COLORECTAL  PAD. 

COLORECTAL  CHEM. 

POLYSCIENCES,  INC. 


ACCUI5ITI0N  OF  MATERIALS 

NEW  AGENT  PROCUREMENT,  PLANT  PRODUCTS 
NEW  AGENT  PROCUR  Ef'ENT  ,  FERMENT/AH  T  I  B  lOT 
BIOASSAr  OF  NATURAL  PRODUCTS 

PURDUE  RESEARCH  FOUNDATION  N0  1CM97296 

D.T.P. 
ACQUISITION  OF  MATERIALS 

NE!J  AGENT  PROCUREFIEN  T  .  PLANT  PRODUCTS 
NEW  AGENT  PROCUREMENT,  FERr;EN  F  /  AN  T  I  B  I  0  T 
BIOASSAY  OF  NATURAL  PRODUCTS 
PROCURE'lEFfT  OF  PRECLINICAL  MATERIAL 
PLANT  PRODUCTS 
FERMENTATION/ ANTIBIOTICS 


NO  iCM77  177 

CTEP 

^  100 

00 

'•^O 

00 

10 

CO 

5  0 

00 

NO  ICM770  7  0 

D.T.P. 

'^  100 

00 

CT5 

79 

00 

IBIOT 

10 
1  1 

00 
CO 

752.600 


752.600 

3  '^  1  ,  0  i  3 

"5.260 

3  ;  6  ,  5  0  J 


-^  9  ,  6  5  5 

59.227 

-4,96  6 

5  ,  •'.  6  2 


"+9.655 


60  1 


S5 

OO'' 

13S 

2  1  1 

6  5 

00 

1C5 

i,Q  I 

15 

CO 

2''i 

3-0 

5 

00 

S 

130 

1  5 

0  0  ^ 

2'* 

3  =  0 

10 

00 

16 

26  0 

5 

00 

S 

130 

RALTECH  SCIENTIFIC  SERVICES,  INC.  N0  1CM87  182 

D.T.P. 
ACQUISITION  OF  MATERIALS 

NEM  AGENT  PROCUREMENT,  PLANT  PRODUCTS 


125.  000 


125,000 


RESEARCH  TRIANGLE  INSTITUTE  N0  1CM9726  1 

D.T.P. 
ACQUISITION  OF  MATERIALS 

NEW  AGENT  PROCUREMENT,  PLANT  PRODUCTS 
I      BASIC  SCREEN 

PRIMARY  SCREENING.  IN  VITRO 


150  .  000 


^  8  S  .  0  0  ¥ 

132,  00  0 

¥  10.00^ 

15,000 

5  .  00 

7  .  3  C  0 
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NAME 


&  AREA 


PERCENT  OF 
EFFORT 


DOLLAR 
LEVEL 


PRIMARY  SCREENING.  IN  VIVO 
PROCUREMENT  OF  PRECLINICAL  MATERIAL 
PLANT  PRODUCTS 


5.  00 
2.  00« 


7,500 
3,000 


RESEARCH  TRIANGLE  INSTITUTE  NO 

PROCUREMENT  OF  PRECLINICAL  MATERIAL 

RADIOLABELED  MATERIALS 
PROD.  AND  FORM.  FOR  CLINICAL  TRIALS 

RADIOLABEL 

SAINT  LOUIS  UNIVERSITY  SCHOOL  OF  NO 

PROGRAM  MANAGEMENT 

ADMINISTRATION 
PHASE  II  CLINICAL  TRIALS 

CNS  TUMORS  CHEM. 

PHASE  III  CLINICAL  TRIALS 

CNS  TUMORS  RAD. 

CNS  TUMORS  CHEM. 

SASCO,  INC.  NO 

ACQUISITION  OF  MATERIALS 

ANIMALS 
BASIC  SCREEN 

ANIMALS 
VERIFICATION  SCREEN 

ANIMALS 

SIDNEY  FARBER  CANCER  INSTITUTE  NO 


1CM97313 
D.T.P. 


1CM57020 
CTEP 


212,570 


ICM9016'+ 
A. P. 


)CM4378  1 
CTEP 


PHASE  IV  CLINICAL  TRIALS 
STOMACH  RAD. 

STOMACH  CHEM. 

STOMACH  SUPPORTIVE  CARE 


SIDNEY  FARBER  CANCER  INSTITUTE 


NO 


1CM57035 
CTEP 


PHASE  IV  CLINICAL  TRIALS 

COLORECTAL  RAD. 

COLORECTAL  CHEM. 

COLORECTAL  IMM. 

COLORECTAL  SUPPORTIVE  CARE 


SIDNEY  FARBER  CANCER  INSTITUTE 

PHASE  II  CLINICAL  TRIALS 

BREAST  CHEM. 

'.                    COLORECTAL  CHEM. 

HEAD  AND  NECK  CHEM. 


NO 


1CM67037 
CTEP 


^  80  .  00>< 
X  20  .  00>« 


"X:     10  .  OO** 

«  30  .  00»^ 

>«  60.00^ 
30  .00 
30.00 


X  20.00?< 
>(  55.  00>^ 
^-    25.00^ 


«  100  .  00^ 
15.00 
78.  00 
7.00 


i«  100  .  00« 

3.00 

35.00 

22.  00 

^0  .00 


55.00* 

15.  00 

15.  00 

5.  00 


170,056 
'^2,5  1'+ 


20,000 


2, 

.000 

6, 

,000 

12, 
6, 
6, 

,000 
,000 
,000 

126, 

,360 

25, 

.272 

69, 

.  ((gs 

31, 

,590 

<*5, 

.225 

<+5, 
6, 

35, 
3  , 

,225 
,784 
.276 
.  166 

100, 

,000 

100, 

3, 
35, 
22, 
^0, 

.000 
.000 
.000 
.000 
.000 

70, 

,  142 

38, 

10 

10 

3 

,578 
,521 
,521 
,507 

75 


NAME 


LUNG  CHEM. 

MELANOMA  CHEM. 

SARCOMAS  (GEN.)  CHEM. 
PHASE  III  CLINICAL  TRIALS 

BREAST  CHEM. 

COLORECTAL  CHEM. 

HEAD  AND  NECK  CHEM. 

LUNG  CHEM. 

MELANOMA  CHEM. 

SARCOMAS  (GEN.)  CHEM. 

SIDNEY  FARBER  CANCER  INSTITUTE 

PHASE  I  CLINICAL  TRIALS 

NON-SPECIFIC  CHEM. 
PHASE  II  CLINICAL  TRIALS 

LEUK. -ACUTE  GRAN.  CHEM. 

LEUK. -ACUTE  LYMPH.  CHEM. 

GENERAL  CHEM. 

BREAST  CHEM. 

COLORECTAL  CHEM. 

LUNG  CHEM. 

MELANOMA  CHEM. 

SIMONSEN  LABORATORIES 

ACQUISITION  OF  MATERIALS 

ANIMALS 
BASIC  SCREEN 

ANIMALS 
VERIFICATION  SCREEN 

ANIMALS 

SIMONSEN  LABORATORIES 

ACQUISITION  OF  MATERIALS 

ANIMALS 
BASIC  SCREEN 

A^iIMALS 
VERIFICATION  SCREEN 

ANIMALS 

SIMONSEN  LABORATORIES 

ACQUISITION  OF  MATERIALS 

ANIMALS 
BASIC  SCREEN 

ANIMALS 
VERIFICATION  SCREEN 
:        ANIMALS 


# 

PERCENT  OF 

i    AREA 

EFFORT 

5.  00 

10  .  00 

5.  00 

X 

45.  OOX 
10.00 
5.  00 
5.00 
5.  00 
15.  00 
5.00 

NO  1CM97276 

CTEP 

^ 

71  .00¥ 

5< 

29.  00>^ 
2.  00 
2.00 
5.00 
5.  00 
5.  00 
5.  00 
5.00 

NO  1CM50578 

A. P. 

M 

20.00^ 

^ 

55.  00^ 

^ 

25.00>^ 

NO  1CM77  166 

A. P. 

>( 

20.00)< 

X 

55.  00¥ 

¥ 

25.00^ 

NO  1CM972'*7 

A. P. 

¥ 

20  .  OOX 

s< 

55.  00^ 

¥: 

25.  00^- 

DOLLAR 
LEVEL 


507 
0  1<+ 
507 


3  1  ,564 
7,014 
3.507 
3,507 
3,507 

10,52  1 
3,507 


103,795 


73,694 

30,10  1 
2,076 
2,076 
5,190 
5,190 
5,190 
5,  190 
5,  190 


305,760 


6 1 , 152 

168,  168 

76,440 


105,257 


21,051 
57,891 
26,314 

69,804 

19 1 , 96  1 

87,255 


349,020 


76 


NAME 


ft 
S  AREA 


PERCENT  OF 
EFFORT 


DOLLAR 
LEVEL 


SISA,  INC. 

ACQUISITION  OF  MATERIALS 

NEW  AGENT  [PROCUREMENT,  SYNTHETICS 

SMALL  BUSINESS  ADMINISTRATION 

ACQUISITION  OF  MATERIALS 

ANIMAL  CELLS 
BIOLOGICAL  STUDIES 

MOLECULAR  BIOLOGY 

RAD  10 IMMUNE  ASSAY 

SOUTH  FLORIDA,  UNIVERSITY  OF 


NO  1CM0735^ 
D  .  T  .  P  . 


NO  1CMh3  7  19 
D.T .P. 


NO  1CMS7220 
CTEP 


24,039 


PHASE  IV  CLINICAL  TRIALS 

HEAD    AND    fiECK  SURG. 

HEAD    AND    NECK  RAD. 

HEAD  AND  NECK  CHCM. 

HEAD  AND  NECK  SUPPORTIVE  CARE 


SOUTHERN  ANIMAL  FARMS 

ACQUISITION  OF  MATERIALS 

/iNIMALS 
BASIC  SCREEN 

ANIMALS 
VERIFICATION  SCREEN 

ANIMALS 

SOUTHERN  ANIMAL  FARMS 

ACQUISITION  OF  MATERIALS 

ANIMALS 
BASIC  SCREEN 

ANIMALS 
VERIFICATION  SCREEN 

ANIMALS 

.SOUTHERN  CALIFORNIA,  UNIVERSITY  OF 

PHASE  IV  CLINICAL  TRIALS 

STOMACH  SURG. 

STOMACH  RAD. 

STOMACH  CHEM. 

CLINICAL  TRIALS  SUPPORTIVE  RESEARCH 

STOMACH  MARKERS 


NO  1CM50599 
A. P. 


NO  tcMgyz'is 

A. P. 


NO  1CM338'^2 
CTEP 


¥  100  .  00> 


^  3 
1 


0  .  00^ 

0  .  00^ 
0  .  CD 
10.00 


>;  100 .  00^ 

3  0.00 
30  .  00 
20  .  00 
20  .  00 


^  20  .  00¥ 

^  55.00^ 

=<  25  .  00>^ 

^  20  .  00>< 

"  55.00^ 

¥  2  5.00-'; 


90  .  OO:^ 
25.  00 
25.  00 
'tO  .  00 
10.00- 


2A  ,039 


159,987 


111,991 

-i  7  ,  9  9  6 
15, 999 
3 1 , 997 


3  9,70-+ 

11,911 

11,911 

7  ,  94  1 

7,941 


39,704 


287,  040 


57,408 

157  ,872 

7  1  ,760 

40  ,370 

111,018 

5  0,463 


:0  1  ,850 


105,438 


9  4,894 
2  6,360 
26 , 360 
4  2,  175 
10,544 
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NAME 


S  AREA 


PERCENT  OF 
EFFORT 


DOLLAR 
LEVEL 


SOUTHERN  RESEARCH  INSTITUTE 

ACQUISITION  OF  MATERIALS 

NEW  AGENT  PROCUREMENT.  SYNTHETICS 

SOUTHERN  RESEARCH  INSTITUTE 

PHARMACOLOGY/ TOXICOLOGY 
PHARMACOLOGY 
ANAL.  METH. 

SOUTHERN  RESEARCH  INSTITUTE 

P  H  A  R  M  A  C  0  L  0  G  Y  /  T  0  X I C  0  L  0  G  Y 
SPECIAL  TOXICITY  STUDIES 

TREATMENT  STUDIES 
CHEMOTHERAPY 

SOUTHERN  RESEARCH  INSTITUTE 


NO  1CM07260 
D. r .P. 


NO  1CM3  7  162 
D.T.P. 


NO  1  CM 9 72 6 3 
D.T.P. 


^3,118 


NO 1CM973n9 
D.T.P. 


ACQUISITION  OF  MATERIALS 

BIOASSAY  OF  NATURAL  PRODUCTS 
BASIC  SCREEN 

PRIMARY  SCREENING,  IN  VITRO 

PRIMARY  SCREENING,  IN  VIVO 

PRIMARY  SCREEN.,  RELATED  NEW  MODEL  DEVEL 

ANALOG  SCREENING 
VERIFICATION  SCREEN 

DETAILED  DRUG  EVALUATION,  IN  VIVO 

DET.  DRUG  EVAL.,  RELATED  NEW  MODEL  DEVEL 

ANTIVIRAL  ACTIVITY 
PHARMACOLOGY/ TOXICOLOGY 

SPECIAL  TOXICITY  STUDIES 

BIOASSAY-DRUG  METAB. 
BIOLOGICAL  STUDIES 

CELL  KINETICS 
TREATMENT  STUDIES 

COMB.  MODAL.  THERAPY 

COMB.  MODAL.  TflERAPY  -  SURG. 
COMB.  MODAL.  THERAPY  -  CHEM. 


SOUTHWEST  FOUNDATION  FOR  RESEARCH  & 


ACQUISITION  OF  MATERIALS 

NEW  AGENT  PROCUREMENT,  SYNTHETICS 


NO  ICM07356 
D.T.P. 


>f  100  .  00- 
8  0.00 
20  .  00 


><  70  .  00¥ 

^    30  .  oo>; 


^        1.00^ 

«  32.  00« 
4.  00 
16.00 
10.  00 
2.00 
?<  26  .  00^ 
Kt  .  0  0 
10.00 
2.  00 
^       2.00^ 
1  .  00 
1  .  00 
X   1  .  OO?' 

¥  33  .  00>< 
3S.O0 
17.00 
2  1.00 


43,  t  18 


322,  000 


122,000 
!57,600 
6  <+  ,  <♦  0  0 


235,000 


16'i,500 
7  0,500 


2,  120  ,5''f5 


2  1  ,205 

6  73,574 

34  ,S22 

339.257 

2  12,055 

42,4  1  1 

55  1,342 

2  9  6,876 

2  12,055 

4  2,411 

4  2,41  1 

2  1  ,205 

2  1  ,205 

2  1.205 

305. 307 
805,307 
360.493 
4  4  5,314 


20,052 


2  0,0  5.' 


STANFORD  RESEARCH  INSTITUTE 


PROCUREMENT  OF  PRECLINICAL  MATERIAL 
ANALYTICAL  AND  QUALITY  CONTROL 


NO  1CMS7  183 
D.T.P. 


^    20 . 00! 


526  ,232 


105,246 


78 


NAME 


&  AREA 


PROD.  AND  FORM.  FOR  CLINICAL  TRIALS 
ANALYTICAL  AND  QUALITY  CONTROL 

STANFORD  RESEARCH  INSTITUTE  NO 

ACQUISITION  OF  MATERIALS 

MEW  AGENT  PROCUREMENT,  SYNTHETICS 

STANFORD  RESEARCH  INSTITUTE  NO 

PROCUREMENT  OF  PRECLINICAL  MATERIAL- 

RADIOLABELED  MATERIALS 
PROD.  AND  FORM.  FOR  CLINICAL  TRIALS 

RADIOLABEL 

STANFORD  UNIVERSITY,  BOARD  OF  TRUSTEES    NO 


1CM87207 
D.T.P. 


1CM97256 
D.T.P. 


1CM67072 
CO. P. 


CLINICAL  TRIALS  SUPPORTIVE  RESEARCH 

LYMPHOMA-HISTIOCYT     PATHOLOGIC  CLASSIF 
LYMPHOMA-LYMPHOCYT     PATHOLOGIC  CLASSIF 


STARKS  ASSOCIATES,  INC.  NO 

ACQUISITION  OF  MATERIALS 

NEW  AGENT  PROCUREMENT,  SYNTHETICS 

STARKS  ASSOCIATES,  INC.  NO 

ACQUISITION  OF  MATERIALS 

NEW  AGENT  PROCUREMENT,  SYNTHETICS 
DATA  PROCESSING  AND  SUPPORT 

STARKS  ASSOCIATES,  INC.  NO 

PROCUREMENT  OF  PRECLINICAL  MATERIAL 

SYNTHETICS 
PROD.  AND  FORM.  FOR  CLINICAL  TRIALS 

PRODUCTION,  SYNTHETICS 

TACCNIC  FARMS  NO 

ACQUISITION  OF  MATERIALS 

ANIMALS 
BASIC  SCREEN 

ANIMALS 
VERIFICATION  SCREEN 

ANIMALS 

.TENNESSEE,  UNIVERSITY  OF  NO 

PROGRAM  MANAGEMENT 


1CM07357 
D.T.P. 


1CM87206 
D.T.P. 


1CM87203 
D.T.P. 


1CM50597 
A. P. 


1CM57  02  1 
CTEP 


PERCENT  OF 
EFFORT 


^  80.00^ 


»<  1  00  .  00« 


M  80  .  00?< 
«  20  .  00^ 


)<  100  .  00?< 
50  .00 
50.00 


^  100  .  00« 


5<  100  .  00« 
70  .  00 
30.00 


«  50  .  OO'^ 
>(  50  .00^ 

^  20.00^ 

?<  5  5  .  0  0  H 
^  25.  OO'* 

^  10.00^ 


DOLLAR 
LEVEL 


420,986 


191^,000 


194,000 


247,570 


198,056 
49,514 


102,831 


102,83  1 
51,416 
5  1.416 


24,097 


24,097 


38  1  ,777 


38  1  ,777 
267,244 
1  14,533 


536,960 


268,480 
268,480 

43,  160 

1  18,690 

53,950 

5,500 


215,800 


55,000 


79 


NAME 


ADMINISTRATION 
PHASE  II  CLINICAL  TRIALS 

CNS  TUMORS  CHEM. 

PHASE  III  CLINICAL  TRIALS 

CNS  TUMORS  RAD. 

CNS  TUMORS  CHEM. 

TEXAS,  UNIVERSITY  OF,  M.D.  ANDERSON 

PHASE  III  CLINICAL  TRIALS 

OVARIAN  CHEM. 

TEXAS,  UNIVERSITY  OF,  M.D.  ANDERSON 

PHASE  II  CLINICAL  TRIALS 

LUNG  RAD. 

LUNG  CHEM. 
PHASE  III  CLINICAL  TRIALS 

LUNG  RAD. 

LUNG  CHEM. 

PHASE  IV  CLINICAL  TRIALS 

LUNG  RAD. 

LUNG  CHEM. 

TEXAS,  UNIVERSITY  OF,  M.D.  ANDERSON 

CLINICAL  TRIALS  SUPPORTIVE  RESEARCH 
NON-SPECIFIC  NUTRITION 

TEXAS,  UNIVERSITY  OF,  MEDICAL  BRANCH 


PHASE  IV  CLINICAL  TRIALS 

HEAD  AND  NECK  SURG. 

HEAD  AND  NECK  RAD. 

HEAD  AND  NECK  CHEM. 

HEAD  AND  NECK  SUPPORTIVE  CARE 

TEXAS,  UNIVERSITY  OF,  SYSTEM  CANCER 


PHASE  II  CLINICAL  TRIALS 

BREAST  CHEM. 

COLORECTAL  CHEM. 

HEAD  AND  NECK  CHEM. 

LUNG  CHEM. 

MELANOMA  CHEM. 

SARCOMAS  (GEN.)  CHEM. 
PHASE  III  CLINICAL  TRIALS 

BREAST  CHEM. 

COLORECTAL  CHEM. 

HEAD  AND  NECK  CHEM. 

LUNG  CHEM. 


# 

PERCENT  OF 

DOLLAR 

$  AREA 

EFFORT 

LEVEL 

^ 

30.00=* 

16,500 

)( 

60  .  00^- 
30.  00 
30.00 

33,000 
16,500 
16,500 

NO  1CM337  10 

110,000 

CTEP 

^ 

100. OOX 

110,000 

NO  1CM77  149 

81,076 

CTEP 

^ 

20.  00?< 

10.00 

10.00 

16,215 
8,  10S 
8,  103 

K 

6O.005< 
30.  00 
30.00 

48,646 
24,323 
24,323 

X 

20.00^ 

10.00 

10.00 

16,2  15 
8,  108 
8,  108 

NO  1CP65866 

5,500 

CTEP 

X 

100.00^ 

5,500 

NO  1CM87221 

98,203 

CTEP 

X  1  0  0  .  0  0 !« 

98,203 

30.00 

29,46  1 

30.  00 

29,46  1 

20  .00 

19,64  1 

ARE 

20.  00 

19,64  1 

MO  1CM57042 

85.46  1 

CTEP 

« 

55. 00* 

15.00 

15.00 

5.  00 

5.  00 

10.00 

5.  00 

47,  004 
12,8  19 
12,8  19 
4,273 
4,273 
8,546 
4,273 

^ 

45.  00^ 

10.00 

5.00 

5.00 

5.00 

38,457 
8,5^t6 
4,273 
4,273 
4,273 
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NAME 


i    AREA 


PERCENT  OF 
EFFORT 


DOLLAR 
LEVEL 


MELANOMA 
Si>RC0;iA5  (GEN.  ) 


CHEM. 
CHEN. 


15.00 
5.00 


12,8  19 
4  ,  2  7  5 


TEXAS,  UNIVERSITY  OF.  SYSTEM  CANCER 

PHASE  II  CLINICAL  TRIALS 

LUNG  RAD. 

LUNG  CFirn. 

PHASE  III  CLINICAL  TRIALS 

LUNG  RAD. 

LUNG  CHEM. 

PHASE  IV  CLINICAL  TRIALS 

LUNG  RAD. 

LUNG  CHEM. 

TEXAS,  UNIVERSITY  OF,  SYSTEM  CANCER 


PHASE  I  CLINICAL  TRIALS 

NON-SPECIFIC  CHEM 

PHASE  II  CLINICAL  TRIALS 

LEUK. -ACUTE  GRAN.  CHEM 

LEUK.-ACUIE  LYMPH.  CHEM 

GENERAL  CilEM 

BREAST  CHEM 

COLORECTAL  CHEM 

LUNG  CHlM 

MELANOMA  CHEM 


TEXAS.  UNIVERSITY  OF.  SYSTEM  CANCER 
PHARMACOLOGY/ TOXICOLOGY 

fhar:;.' CPLOc-Y 

PHASE  I  CLINICAL  TRIALS 

NON-SPECIFIC  PHARM. /TOX. 

TEXAS,  UNIVERSITY  OF,  SYSTEM  CANCER 


NO  1CM7  7  153 
CTEr 


82,7  17 


NO  1CM97277 
CTEP 


NO  1CMg7  1S5 
D.T .P. 


NO 1CM37233 
D.T. P. 


P  H  A  P,M  A  C  0  L  0  GY/  TOXICOLOGY 

^'NAL.  METH. 
CLINICAL  TRIALS  SUPPORTIVE  RESEARCH 

NON-SPECIFIC  SPEC,  ft)  ARM  .  /  TOX  . 

TEXAS,  UNIVERSITY  OF  N0  1CM53S3: 

CTEP 
CLINICAL  TRIALS  SUPPORTIVE  RESEARCH 

LEUK. -ACUTE  GRAN.  PROTECTED  ENVIRON. 
LEUK. -ACUTE  LYMPH.  PROTECTED  ENVIRON. 
SARCOMAS  (GEN.)        PROTECTED  ENVIRON. 


?0  .  00^ 
10.00 
10.00 
60.  00> 
3  0.00 
3  0.00 
23  .  00' 
10.00 
10.00 


^    7  1.00^ 

»«  29.00>' 
2.00 
2  .  00 
5.00 
5.  00 
5.  00 
5.00 
5.  00 


¥    60  .  00^ 
><  "iO.  00^ 


^-     25.  00^ 
^  75.00^ 


><  100  .  00' 
20  .  00 
<i  0  .  0  0 
■^  0  .  0  0 


16  ,543 

8,272 

S.27  2 

'i  9  ,  6  3  0 

2  •'♦,.?  1  5 

2'i  ,S  15 

16,543 

8.272 

8,272 


18  1  ,230 


128,673 

52,557 
3.625 
3,625 
9.062 
9.062 
9,062 
9,062 
9,062 


380  ,  00  0 


228.000 


152,000 


1  10,466 


27.6  17 
8  2,850 


150,627 


150 , 627 
3  0.  125 
60,25  1 
60  ,25  1 


81 


NAME 


S  AREA 


PERCENT  OF 
EFTCRT 


DOLLAR 
LEVEL 


UPJOHN  COHPAHY 

ACQUISITION  OF  MATERIALS 


NO  1CM7  7  100 
D. T  -P. 


183.750 


NEW  AGENT  PROCUREriEHT  ,  FERMENT/ AN  T  IB  I  OT 
DATA  PROCESSING  AND  SUPPORT 
BASIC  SCREEN 

PRIMARY  SCREENING.  IN  VITRO 

PRIMARY  SCREEN.,  RELATED  NEM  MODEL  DEVEL 


VALUE  ENGIfJEERING  COMPANY 

PROGRAM  MANAGEfiENT 

DATA  PROCESSING  AND  SUPPORT 

VANDERBILT  UNIVERSITY  MEDICAL 

PhiASE  II  CLINICAL  TRIALS 

LUNG  RAD. 

LUNG  CIIEM. 
PHASE    III    CLINICAL    TRIALS 

LUNG  RAD. 

LUNG  CIIEM. 

PHASE  IV  CLINICAL  TRIALS 

LUNG  RAD. 

LUNG  CM  EM. 

VERMONT,  UNIVERSITY  OF,  COLLEGE  OF 

PHASE  I  CLINICAL  TRIALS 

NON-SPECIFIC  CHEM. 
PHASE  II  CLINICAL  TRIALS 

LEUK. -ACUTE  GRAN.  CHEM. 

LEUK. -ACUTE  LYMni.  CIIEM. 

GENERAL  CMEil. 

BREAST  CHEM. 

COLORECTAL  CHEM. 

LUNG  CHEM. 

MELANOMA  CHEM. 

_^VETERANS  ADMINISTRATION 

PHASE  III  CLINICAL  TRIALS 

HEAD  AND  NECK  CHEM. 

HEAD  AND  NECK  IMM. 

LUNG  RAD. 

LUNG  CHEM. 
PHASE  IV  CLINICAL  TRIALS 

COLORECTAL  SURG. 

Z                     COLORECTAL  RAD. 

COLORECTAL  CHEM. 


NO  1CM37  192 
CTEP 


NO  1CM77  i; 
CTEP 


NO  tCM97; 
CTEP 


YO  1CM70  106 
CO. P. 


85-  00* 
S3.  00 

2.00 
15.00- 
10.00 

5.00 


100.00' 


20  .00^ 
1  0  .  C  0 
10.00 
60  .  00> 
5  0.00 
30.00 
20.00* 
10.00 
10.00 


:9 .  oo*« 

2.00 
2.  00 
5.00 
5.  00 
5.  00 
5.  00 
5.00 


"iO  .  00>^ 

5-00 

5.00 

10.00 

20.00 

^0  .  OOH 

5-00 

5  .  CO 

5.  00 


156 

152 

3 


5  13 


196  .550 


1  9  6  ,  5  5 1 


9  7.332 


56  6 

7  S  3 
7  3  3 
6  9  9 
35  0 
55  0 


6  5,414 

26,7  19 
1  ,843 
1  .  S  4  3 
4.607 
<-,  .  '■^  0  7 


60? 
607 


1,0  18,000 

1 2 :' .  r  5  0 

12  7,250 
2  5  4,500 
509.000 
1,018.000 
12  7.250 
12  7,250 


133 


,545, 000 


82 


NAME 

tt 

PERCENT  OF 

DOLLAR 

&    AREA 

EFFORT 

LEVEL 

ESOPHAGEAL 

RAD. 

2.50 

65 

6  25 

ESOPHAGEAL 

CHEM. 

2.5  0 

63 

625 

LUNG 

SURG. 

5.00 

'27 

250 

LUNG 

CHEM. 

5.  00 

127 

250 

LUNG 

I  MM. 

5.  00 

127 

250 

PAN'CREATIC 

CHEM. 

2.50 

6  5 

625 

STOriACH 

CHEM. 

2.50 

65 

625 

OTHEu  CLINICAL 
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TABLE  IV 

DESCRIPTION  OF  CONTRACTS 

IN  THE 

DIVISION  OF  CANCER  TREATMENT  PROGRAM 


AGRICULTURE,  DEPARTMENT  OF  (TRANSFER  OF  FUNDS)   (Y01-CM4-0001) 

Under  the  Transfer  of  Funds  Agreement  with  the  Economic  Botany  Laboratory  of 
the  U.S.D.A.,  worldwide  general  plant  collections  and  recollections  are  made. 
The  general  plant  collections  (approximately  1,000  plants)  are  shipped  to 
Raltech  Scientific  Services,  Inc.  for  extraction  and  the  extracts  are 
screened  in  vitro  and  in  vivo  for  antineoplastic  activity.   Confirmed  active 
plants  are  recollected  in  large  quantities  (300  to  500  lbs.)  on  a  priority 
based  on  the  needs  of  the  Division  of  Cancer  Treatment  Program  for  shipment 
to  the  fractionating  chemists.   Very  large  recollections  are  made,  as 
requested  by  the  Developmental  Therapeutics  Program,  for  the  preparation  of 
clinical  quantities  of  drugs.   The  nomenclature  of  all  plants  acquisitioned 
is  being  continuously  reviewed  and  corrected,  and  a  computer  file  of  all 
plants  is  being  maintained. 


ALABAMA,  UNIVERSITY  OF   (NOl-CMO-7355) 

The  newly  initiated  Quick  Reaction  Work  Order  Contract  mechanism  provides  for 
the  synthesis  of  a  variety  of  organic  and/or  inorganic  compounds  which  have 
been  identified  by  Program  as  meriting  development.   The  Quick  Reaction  Work 
Order  contracts  provide  the  capability  to  pursue  leads,  uncovered  by  bio- 
logical testing,  by  means  of  the  resynthesis  of  known  compounds  in  quantities 
sufficient  for  confirmatory  testing.   Another  objective  is  the  synthesis  of 
a  selected  number  of  novel  analogs  for  structure-activity  optimization 
studies.   The  Task  Order  contract  makes  available  several  contractors  who 
have  the  chemical  synthetic  expertise  to  synthesize  the  variety  of  selected 
compounds.   The  mechanism  provides  the  capability  of  a  quick  response,  makes 
accessible  a  pool  of  contractors,  isolates  cost  for  each  task,  provides 
flexibility  for  funds,  and  avoids  prolonged  contract  competitions  once  the 
master  contracts  are  awarded. 


ALBANY  MEDICAL  COLLEGE   (N01-CM5-7032) 

This  contract  is  designed  to  support  prospective,  randomized  controlled 
protocol  studies  using  combined  modalities  in  the  surgical  adjuvant  treatment 
of  colon  and  rectal  carcinoma.   In  addition,  the  contractor  has  completed  a 
pilot  study  within  the  G.I.  Tumor  Study  Group  in  advanced  colon  cancer. 
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ALDRICH  CHEMICAL  COMPANY,  INC.   (N01-CM8-7202) 

This  service  preparative  contract  provides  for  the  resynthesis  of  a  variety 
of  compounds  required  for  clinical  or  preclinical  evaluation.   The  compounds 
prepared  are  not  readily  available  on  the  open  market  or  from  the  original 
supplier  in  the  amounts  required.   About  30%  of  the  effort  of  this  contract 
is  devoted  to  the  preparation  of  large  quantities  of  materials,  in  the 
multikilogram  range,  requiring  pilot  plant  facilities. 


AMERICAN  COLLEGE  OF  RADIOLOGY   (N01-CM8-7175) 


The  objective  of  this  study  is  to  establish,  through  the  Radiation  Therapy 
Oncology  Group,  a  registry  of  radiation  therapy  complications  of  organs  in 
which  radiation  therapy  injuries  are  either  fatal  or  result  in  severe 
morbidity.   Both  prospective  and  retrospective  information  are  being  gathered. 
This  contract  will  terminate  in  FY' 80. 


AMERICAN  COLLEGE  OF  RADIOLOGY   (N01-CM8-7219) 

A  member  of  the  Head  and  Neck  Contracts  Program:   A  collaborative  group  of 
six  (6)  institutions  and  two  (2)  cooperative  oncology  groups  to  investigate 
the  effects  of  adjuvant  chemotherapy  in  the  treatment  of  advanced,  resectable 
squamous  carcinoma  of  the  head  and  neck.   The  contract  study  is  a  prospective, 
randomized  comparison  of  a  standard  treatment  regimen  consisting  of  surgery 
and  postoperative  radiotherapy  with  a  regimen  consisting  of  induction  chemo- 
therapy followed  by  the  standard  regimen,  and  with  induction  chemotherapy 
followed  by  the  standard  regimen  with  the  addition  of  a  six  (6)  month  course 
of  maintenance  chemotherapy.   The  induction  chemotherapy  consists  of  cis- 
Platinum  and  Bleomycin.   Cis-Platinum  alone  is  utilized  as  the  maintenance 
chemotherapy.   Two  hundred  and  three  (203)  patients  have  been  randomized  to 
the  study  during  the  first  17  months  since  its  activation. 


AMERICAN  TYPE  CULTURE  COLLECTION   (N01-CM8-7158) 

This  contract  has  three  main  objectives:   (1)  to  provide  substantial 
quantities  of  tissue  cultured  normal  and  malignant  mammalian  cells; 
(2)  to  receive,  process,  analyze,  distribute  and  store  up  to  200  fresh  human 
blood  samples,  principally  from  leukemic  patients;  and  (3)  to  grow  normal 
and  leukemic  human  leukocytes  in  short  and  long-term  culture  under  conditions 
specified  by  the  GPO.   The  accomplishment  of  the  above  tasks  requires  the 
maintenance  of  strict  quality  control  procedures,  of  accessible  inventories 
of  certified  cellular  materials  and  of  appropriate  biohazard  safeguards  and 
the  performance  of  selected  analytical  procedures,  including  cellular  cyto- 
chemistry, cell  pulse-labelling  procedures,  and  DNA  polymerase  assays  on 
culture  media  concentrates.   This  contract  will  terminate  September  1980. 


ARIZONA  STATE  UNIVERSITY   (N01-CM9-7262) 

This  contract  provides  for  the  preparation  of  extracts  and  isolation  and 
identification  of  antineoplastic  agents  from  marine  organisms.   A  large 
number  of  active  extracts  have  been  produced  and  20-35  of  the  most  active 
organisms  have  been  recollected  in  large  amounts  and  are  undergoing 
fractionation  studies.   The  marine  organisms  are  purchased  by  NCI  and  are 
obtained  by  outside  zoologists. 

ARIZONA  STATE  UNIVERSITY   (N01-CM9-7297) 

This  contract  provides  for  the  fractionation  of  confirmed  active  plant 
extracts  in  an  attempt  to  isolate  in  a  pure  state  and  identify  the  active 
compound (s).   Plant  material  used  in  this  work  is  obtained,  for  the  most 
part,  through  the  U.S.  Department  of  Agriculture. 

ARS/SPRAGUE-DAWLEY   (N01-CM8-7232) 

This  primary  genetic  center  produces  a  variety  of  outbred,  inbred  and  hybrids 
of  inbred  rodents.   All  production  activities  are  effected  in  a  closely 
controlled  environment.   All  foundation  colonies  are  rederived  from  NIH  stock 
and  maintained  in  associated  flora  isolators.   All  expansion  colonies  are 
maintained  in  the  barrier  environment. 


ARTHUR  D.  LITTLE,  INC.   (NOl-CMO-7346) 

This  contract  provides  for  in  vivo  testing  in  the  P388  leukemia  pre-screen  of 
new  synthetics  and  natural  products  and  for  tumor  panel  evaluation  of  those 
materials  selected  for  the  screen  by  the  Developmental  Therapeutics  Program, 
particularly  materials  that  have  demonstrated  activity  in  the  P388  pre-screen. 
All  testing  is  carried  out  in  mice  in  accordance  with  the  protocols  of  the 
NCI  Developmental  Therapeutics  Program.   Models  of  the  conventional  tumor 
panel  now  in  use  under  this  contract  include  the  following  transplantable 
mouse  tumors:   the  B16  melanocarcinoma,  colon  38,  L1210  lymphoid  leukemia, 
and  Lewis  lung  carcinoma.   These  tumors  are  transplanted  for  testing  into 
various  sites,  including  subcutnaeous,  intravenous,  intraperitoneal,  intra- 
cerebral, and  intramuscular  sites.   Detailed  testing,  such  as  schedule 
dependency  studies  in  the  active  tumor  model,  is  conducted  with  materials  of 
potential  clinical  interest.   Characterizations  and  evaluations  of  tumor 
models  are  carried  out  as  directed  by  the  Project  Officer.   The  current  level 
of  testing  is  approximately  25,000  L1210-equivalent  tests  per  year. 
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ARTHUR  D.  LITTLE,  INC.   (N01-CM3-3727) 

This  project  supplied  biostatistical  support  to  the  Drug  Evaluation  Branch, 
Developmental  Therapeutics  Program,  Division  of  Cancer  Treatment, 
specifically  to  aid  in  establishing  parameters  and  criteria  of  activity  and 
toxicity  in  current  and  new  antitumor  screens,  in  formulating  detailed 
experimental  protocols  for  use  in  contract  testing  laboratories,  and  in 
maintaining  testing  quality  control  by  evaluating  screening  methodology  with 
respect  to  test-to-test  and  lab-to-lab  variability.   The  workscope  included 
studies  of  individual  screening  models  (animal  tumor  assays)  with  regard  to 
their  validity  (e.g.,  reproducibility)  and  their  yield  of  active  materials 
and  to  determine  the  degree  of  correlations  among  alternative  models. 
The  project  was  completed  during  the  second  quarter  of  FY '80  and  the 
contract  terminated. 


ARTHUR  D.  LITTLE,  INC.   (N01-CM5-3765) 

This  contract  utilizes  a  variety  of  leukemia  and  solid  animal  tumor  models 
in  carrying  out  its  three  major  objectives:   (1)  evaluation  of  analogs  of 
known  antitumor  drugs  and  new  structural  classes;  (2)  combination  chemo- 
therapy studies;  and  (3)  combined  modality  studies  involving  drugs  plus 
radiation.   To  assess  potential  superiority  of  analogs,  direct  comparison 
tests  of  analogs  and  a  designated  parent  are  carried  out  in  systems  designed 
for  each  compound  class.   The  results  of  these  structure-activity  tests  are 
reported  rapidly  to  NCI  and  to  the  suppliers  to  guide  future  synthetic 
efforts.   Combinations  of  drugs  are  examined  in  a  variety  of  tumor  systems 
to  determine  their  potential  superiority  over  the  drugs  used  alone. 
The  effects  of  radiation  and  combinations  of  radiation  with  chemotherapeutic 
agents,  radiosensitizers,  and  radioprotectors  also  are  examined  in  the 
treatment  of  solid  tumors. 


ARTHUR  D.  LITTLE,  INC.   (N01-CM8-7163) 

This  contract  conducts  a  broad  investigative  program  of  the  pharmacological 
properties  and  behavior  of  experimental  antitumor  agents.   Analytical  methods 
are  developed  to  measure  the  drugs  in  body  tissues  and  fluids  and  are  then 
used  to  determine  pharmacological  parameters  such  as  plasma  level  decay 
curves,  routes  of  excretion,  etc.   When  drug  biotransformation  is  observed 
the  metabolites  are  identified  wherever  possible.   In  addition,  whole  body 
radioautographic  studies  are  conducted  with  selected  agents  in  small  rodents 
to  determine  unusual  distribution  of  drugs.   Biochemical-pharmacology  studies 
are  conducted  on  some  agents  to  better  understand  the  observations  made  in 
the  pharmacology  studies. 
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ARTHUR  D.  LITTLE.  INC.   (N01-CM8-7186) 

The  objective  of  this  contract  is  to  obtain  basic  information  on  the 
cytotoxic,  biochemical  and  therapeutic  effects  of  new  antitumor  agents  that 
will  aid  DCT  in  deciding  whether  to  develop  drugs  to  clinical  trial  and  in 
assigning  priorities  to  those  drugs  that  are  under  development.   Experiment 
are  conducted  (a)  to  provide  clear  leads  as  to  the  biologically  significant 
properties  of  chemically  unique  new  drugs;  (b)  to  determine  if  antitumor 
agents  with  novel  structures  have  biochemical  activities  similar  to  those 
of  clinically  evaluated  drugs;  and  (c)  to  determine  if  structural  analogs 
being  considered  for  development  are  also  biochemical  analogs  of  their 
parent  compound. 


ARTHUR  D.  LITTLE,  INC.   (N01-CM9-7288) 

This  contract  provides  cell  culture  assays  as  an  aid  in  the  isolation  and 
purification  of  potential  antitumor  agents  of  plant  and  animal  origin. 
Occasional  synthetic  materials  are  also  tested  in  these  in  vitro  assays. 
A  small  but  significant  contract  effort  is  spent  on  development  of  improved 
techniques  for  cytotoxicity  screening. 


ASH  STEVENS,  INC.   (N01-CM5-7012) 

This  service  preparative  contract  provides  for  the  resynthesis  of  a  variety 
of  compounds  required  for  clinical  or  preclinical  evaluation.   The  compound 
prepared  are  not  readily  available  from  the  original  supplier  or  commercial 
sources  in  the  amounts  required.   About  90%  of  the  effort  of  this  contract 
is  devoted  to  the  preparation  of  large  quantities  of  materials,  in  the 
multikilogram  range,  requiring  pilot  plant  facilities. 


ASH  STEVENS,  INC.   (N01-CM8-7204) 


This  service  preparative  contract  is  for  the  resynthesis  of  bulk  chemicals 
and  drugs  required  for  completion  of  drug  evaluation  studies,  with  approxi- 
mately 20%  of  the  effort  being  devoted  to  the  production  of  clinical 
materials.   The  materials  assigned  for  resynthesis  are  not  readily  availabl 
in  the  quantities  needed  from  the  original  supplier  or  on  the  open  market. 
Preparations  vary  in  quantity  from  gram  to  multigram  scale. 
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BATTELLE  MEMORIAL  INSTITUTE   (NOl-CMO-7266) 

Battelle  Columbus  Laboratories  conduct  in  vivo  testing  of  new  synthetic 
materials  and  natural  products  of  plant,  animal  and  fermentation  origin. 
In  addition,  tumor  panel  testing  is  conducted  upon  active  materials  of 
interest  to  the  Developmental  Therapeutics  Program.   This  testing  is 
conducted  at  a  level  of  effort  of  approximately  50,000  L1210-equivalents 
per  year.   New  synthetic  and  natural  product  materials  are  tedted  in  the 
P388  pre-screen.   Detailed  studies,  such  as  schedule  dependency  studies  or 
experimental  form  vs  bulk  drug  comparison  testing,  are  conducted  on 
materials  in  development  toward  clinical  trial  when  requested  by  Project 
Officer. 


BATTELLE  MEMORIAL  INSTITUTE   (N01-CM4-3746) 

A  Prime  contract  was  renegotiated  with  Battelle  Memorial  Laboratories  for 
supervision  of  contracts  carrying  out  the  toxicologic  evaluation  of 
potential  oncolytic  agents  under  the  aegis  of  the  Toxicology  Branch. 
Through  the  Prime  contract  mechanism,  preclinical  toxicologic  studies  of 
agents  under  consideration  for  potential  clinical  use  are  handled  under  a 
single  management-type  contract.   The  work  scope  is  comprised  of  four  tasks 
as  follows:   Task  I  -  Full  Protocol  Studies;  Task  II  -  High  Priority 
Toxicity  Studies  (i.e.,  any  portion  of  the  Protocol  of  the  Toxicology  Branch) 
Task  III  -  Specific  Organ  Testing;  and  Task  IV  -  Automation  of  toxicity  data, 
anomaly  detection,  scheduling  of  studies,  and  financial  management.   This 
service  type  contract  is  scheduled  for  recompetition  in  1980. 


BATTELLE  MEMORIAL  INSTITUTE   (N01-CM6-7099) 

This  contract  is  for  the  testing  of  materials  in  human  xenograft  tumor  models 
using  athjmiic  mice.   Currently,  materials  are  tested  with  the  tumor  implanted 
in  the  subrenal  capsule.   Presently,  human  lung,  colon,  and  mammary 
xenograft  models  are  employed.   Approximately  300  compounds  are  tested  per 
year  in  each  of  the  three  systems. 


BEN  VENUE  LABORATORIES,  INC.   (N01-CM9-7298) 

This  resource  contract  provides  for  the  development  and  production  of 
parenteral  clinical  dosage  forms  of  antitumor  agents.   Ben  Venue  Laboratories, 
Inc.  has  the  capacity  for  preparing  large-scale  production  batches  of  dry- 
filled,  liquid-filled  and  lyophilized  sterile  products.   Specifically,  the 
contractor  performs  the  following  services:   (1)  formulation  development  of 
sterile  parenteral  products;  (2)  production  of  sterile  products;  (3)  quality 
assurance  testing  of  finished  products;  and  (4)  stability  surveillance  of 
all  dosage  forms  produced.   All  products  are  packaged,  labelled  and  shipped 
to  the  National  Cancer  Institute  for  subsequent  redistribution  to  clinical 
investigators . 
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BOWMAN  GRAY  SCHOOL  OF  MEDICINE   (N01-CM6-7054) 

The  clinical  data  from  patients  with  intracranial  malignancy  provided  under 
this  contract  are  used  to  evaluate  the  efficacy  of  therapy  in  both  phase  II 
and  phase  III  clinical  trials.   Multimodality  therapy  including  surgery, 
radiation  therapy,  chemotherapy,  and  various  sequences  and  combinations 
thereof,  are  used  according  to  a  commonly  agreed  upon  protocol  in  patients 
who  harbor  histopathologically  diagnosed  brain  tumors.   Single  modality 
therapy  is  first  demonstrated  to  have  efficacy  and  then  forward  into  combined 
modality  treatment  protocols.   New  chemotherapeutic  agents,  as  they  are 
developed  and  brought  to  clinical  trial,  are  also  being  tested  in  controlled 
phase  II  trials  in  order  to  provide  a  more  rational  selection  of  chemo- 
therapeutic agents  for  further  phase  III  studies  of  brain  tumor  patients. 
The  acquisition  of  a  significant  number  of  patients  into  these  prospective, 
controlled,  randomized  studies  permits  a  comparative  analysis  of  the  clinical 
course  of  the  patients,  the  toxicity  of  the  various  therapeutic  modalities 
utilized  as  well  as  insight  into  the  biologic  characteristics  of  the  disease 
entity  being  investigated. 


BRISTOL-MYERS  COMPANY   (N01-CM3-3751) 

This  is  a  no-cost  contract  concerned  with  the  marketing  of  the  clinically 
useful  nitrosourea,  BCNU.   The  Contractor  summarized  the  clinical  and  other 
data,  and  prepared  and  filed  the  New  Drug  Application  (NDA)  with  the  Food 
and  Drug  Administration.   The  NDA  has  been  approved,  and  the  drug  is 
currently  on  the  market.   This  contract  will  continue  for  five  years  from 
the  NDA  approval. 


BRISTOL-MYERS  COMPANY   (N01-CM6-7051) 

This  is  a  no-cost  contract  concerned  with  the  marketing  of  the  clinically 
useful  nitrosourea,  CCNU.   The  Contractor  summarized  the  clinical  and  other 
data,  and  prepared  and  filed  the  New  Drug  Application  (N"DA)  with  the  Food 
and  Drug  Administration.   The  NDA  has  been  approved,  and  the  drug  is 
currently  on  the  market.   This  contract  will  continue  for  five  years  from 
the  NDA  approval. 


BRISTOL-MYERS  COMPANY   (N01-CM7-7138) 

The  major  objective  of  this  fermentation  contract  is  the  preparation  of  novel 
antibiotics.   These  new  antibiotics  are  obtained  using  the  fermentation 
techniques  of  biotransformation  and  co-metabolism  of  antibiotics,  chemicals 
and  plant  materials.   This  effort  is  to  convert  materials  which  have 
solubility,  toxicity  or  marginal  activity  problems  into  worthwhile  anti- 
neoplastic agents.   A  multitude  of  unique  organisms  is  isolated  and  used  to 
obtain  these  microbial  conversions  in  an  effort  to  obtain  new  antineoplastic 
agents.   Each  compound  is  exposed  to  190  or  more  microbes  to  see  if  any 
worthwhile  conversions  occur. 
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BRISTOL-MYERS  COMPANY   (N01-CM7-7147) 

This  fermentation  contract  is  designed  primarily  to  obtain  novel  antitumor 
agents.   This  contract  includes:   (1)  the  preparation  of  fermentation  beers 
from  various  unique  microbes  isolated  in  Bristol's  Japanese  facility,  Bristol 
Banyu;  (3)  the  use  of  10  different  in  vitro  pre-screens  to  evaluate  the 
fermentations;  (3)  development  of  an  in  vitro  assay  to  assist  in  quickly 
isolating  the  active  anticancer  agents;  (4)  dereplication  of  the  materials 
to  determine  novelty;  (5)  chemical  isolation  of  the  active  component; 
and  (6)  production  of  large  quantities  of  new  agents  to  thoroughly  evaluate 
them  in  DCT  screens. 


BRISTOL-MYERS  COMPANY   (N01-CM8-7180) 


The  primary  objective  of  this  contract  is  the  synthesis  of  analogs  of  natural 
products  with  the  expectation  of  increasing  antivity  while  decreasing  adverse 
side  effects.   The  compounds  for  synthesis  are  selected  in  consultation  with 
the  Natural  Products  Branch.   The  Contractor  has  synthesized  a  total  of  44 
new  anguidine  analogs.   A  structure  activity  pattern  indicates  that  oxidation 
of  both  alcohols  to  ketones  results  in  marked  improvement  of  the  P388  activity 
and  that  substitution  at  15  by  esters  gives  more  potent  compounds.   Six  open 
chain  analogs  of  AT-125  have  been  synthesized  but  show  little  activity. 
These  analogs  are  proposed  as  L-glutamine  antagonists.   Bristol  is  now 
synthesizing  cyclic  analogs  of  this  antibiotic  by  the  cycloaddition  of 
nitrile  oxides  to  alkenes. 


BRITISH  COLUMBIA.  UNIVERSITY  OF   (N01-CM2-3223) 


The  Contractor's  research  is  aimed  to  find  practical  methods  for  the 
synthesis  of  vincristine  and  vinblastine;  methods  which  also  allow  easy 
access  to  structurally  related  analogs.   This  work  is  to  a  limited  extent 
tied  to  the  biogenetic  studies  aimed  at  seeking  a  viable  source  of  the 
complicated  alkaloids  needed  as  starting  materials.   In  addition,  the 
Contractor  carries  out  subtle  interconversions  of  indoles  and  bisindole 
alkaloids  to  provide  unique  compounds.   This  contract  was  terminated  in 
FY'80. 


BRITISH  COLUMBIA.  UNIVERSITY  OF   (N01-CM8-7236) 

This  contract  is  to  evaluate  the  ability  of  plant  cells  to  grow  and  to 
produce  the  antineoplastic  agent  in  submerged  fermentations.   Often  plants 
which  produce  antineoplastic  agents  are  found  in  foreign  countries. 
In  order  to  insure  supply  of  these  plants,  one  must  be  able  to  cultivate 
them  or  find  worldwide  sources.   Weather  and  political  conditions  often  make 
it  prohibitive  to  obtain  plant  material  in  sufficient  quantity  to  isolate 
adequate  amounts  of  the  antineoplastic  agent  for  NCI  evaluation.   The 
contract  is  evaluating  the  possibility  of  propagating  plant  cells  in 
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BRITISH  COLUMBIA,  UNIVERSITY  OF   (N01-CM8-7236)  (CONTINUED) 

submerged  culture  to  produce  antineoplastic  agents  of  interest.   This  would 
insure  local  supply  of  such  agents  and  allow  NCI  to  move  quickly  to  obtain 
these  materials.   Eight  plants  of  interest  to  NCI  have  been  assigned  and  one 
has  already  successfully  been  propagated  to  produce  the  antineoplastic  agent 
of  interest. 


CALIFORNIA,  UNIVERSITY  OF   (N01-CM6-7097) 

This  contract  is  designed  to  support  prospective  randomized,  controlled 
protocol  studies  using  combined  modalities  in  the  surgical  adjuvant  treatment 
of  colon  and  rectal  carcinoma. 


CALIFORNIA,  UNIVERSITY  OF   (N01-CM7-7151) 

A  member  of  the  Lung  Cancer  Study  Group:   A  collaborative  group  of  six  (6) 
institutions  which  are  studying  early  non-oat  cell  lung  cancer  in  three  (3) 
protocols.   Resectable  Stage  I  tumors  are  randomized  (double  blind  trial) 
to  intrapleural  BCG  +  INH  x  12  weeks  versus  placebo  intrapleural  BCG  + 
placebo  INH  x  12  weeks.   Resectable  Stage  II  and  III  epidermoid  carcinoma  is 
randomized  to  observation  versus  radiation  to  tumor  bed  and  mediastinum 
versus  radiation  as  above  +  levamisole.   Stage  II  and  III  adenocarcinoma  and 
large  cell  carcinoma  are  randomized  to  a  three  drug  combination  of  Cytoxan, 
adriamycin,  and  cis-platinum  versus  intrapleural  BCG  +  levamisole.   An 
attempt  will  be  made  to  correlate  disease  course  with  certain  immune 
parameters  before,  during  and  after  surgery.   A  new  protocol  has  been 
recently  developed  comparing  chemotherapy  vs.  radiotherapy  vs.  chemotherapy 
plus  radiotherapy  in  patients  with  partially  resected  locally  advanced 
non-small  cell  carcinoma  of  the  lung. 


CALIFORNIA,  UNIVERSITY  OF   (N01-CM9-7239) 

This  contract  was  designed  to  provide  HL-A  typing  analyses  on  patients  and 
their  families  as  well  as  typing  of  selected  donors  from  the  Clinical  Center 
Blood  Bank  and  all  platelet  donors  from  the  Central  Blood  Service  of 
Baltimore.   Typing  data  on  over  15,000  NIH  donors  and  recipients  are  on 
computer  file.   All  typings  are  performed  and  entered  into  the  computerized 
file  on  the  same  day  that  the  blood  was  received.   Thus,  HL-A  typing  results 
for  persons  bled  in  Bethesda  are  consistently  available  through  the  computer 
terminal  by  the  end  of  the  next  day.   An  average  of  600  typings  are  performed 
annually. 
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CALIFORNIA,  UNIVERSITY  OF   (N01-CM9-7318) 

This  is  one  of  five  collaborating  institutions  evaluating  parenteral  nutrition 
as  an  adjunct  to  intensive  combination  chemotherapy  in  patients  with  limited 
or  extensive  small  cell  carcinoma  of  lung.   Patients  who  are  randomized  to 
the  nutrition  intervention  group  receive  graded  levels  of  nutritional  support 
based  on  their  nutritional  status. 


CALIFORNIA,  UNIVERSITY  OF  REGENTS   (N01-CM9-7315) 

This  contract  provides  a  cyclotron  neutron  generator,  a  clinical  facility  in 
which  to  house  the  equipment,  and  personnel  to  support  a  clinical  neutron 
therapy  research  program  at  UCLA.   It  is  expected  that  the  A/E  subcontract 
for  the  building  addition  and  the  subcontract  for  fabrication  of  the 
cyclotron  will  be  awarded  by  early  May  1980.   The  facility  should  be 
operational  in  early  1983. 


CARNEGIE-MELON  INSTITUTE  FOR  RESEARCH   (N01-CM8-7173) 

This  Contractor  is  conducting  an  investigation  of  the  relatioship  of  federal 
regulations  to  the  conduct  of  clinical  treatment  research  in  cancer.   This 
study  is  being  conducted  through  an  analysis  of  the  relevant  FDA  and  PHS 
regulations  and  guidelines  (and,  where  appropriate,  state  and  local  statue 
as  well) 5  research  subjects  and  patient  organizations,  clinical  investigators 
and  the  administrative  staff  of  their  institutions,  and  institutional  reveiw 
committees.   It  is  anticipated  that  when  necessary,  conferences  and  workshops 
will  be  used  to  bring  together  representatives  at  various  organizational 
levels,  engaged  or  associated  with  clinical  trials  research.   Other  relevant 
participants  would  also  include  legal  and  sociological  scholars,  consultants 
specifically  recruited  for  this  study,  and  NCI,  NIH,  FDA  staff.   The 
questions  to  be  addressed  by  this  analysis  will  be:   1)  whether  the  research 
subject  is  protected  from  undue  risk  and  coercion  by  the  current  federal 
regulations;  2)  the  unique  status  of  cancer  patients  as  they  relate  to  FDA 
and  PHS  guidelines  concerning  the  risk:   benefit  ration  spectrum  of 
toxicities  of  a  new  therapy;  3)  the  adequacy  and  compliance  of  obtaining 
informed  consent  from  cancer  patients;  4)  the  ability  of  IRB's  to 
competently  analyze  cancer  treatment  protocols;  5)  the  way  in  which  the 
population  of  cancer  patients,  particularly  those  with  advanced  disease  per 
se  their  involvement  in  treatment  research;  and  6)  suggestions  for  modifying 
the  existing  regulations  and  procedures  in  order  to  improve  cancer  treatment 
research  in  the  areas  listed. 
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CATHOLIC  MEDICAL  CENTER  OF  BROOKLYN  AND  QUEENS.  INC.   (N01-CM6-7081) 

This  contract  developed  the  murine   CD8F1  mammary  adenocarcinoma  as  a  model 
for  breast  cancer  for  the  Division  of  Cancer  Treatment  Tumor  Panel.   The 
purpose  of  the  contract  was  to  (1)  screen  for  new  agents,  (2)  study  drug 
combinations,  and  (3)  examine  drugs  combined  with  a  surgery  and/or 
immunotherapy.   Drug  screening  and  combination  chemotherapy  studies  were 
performed  in  CD8F1  mice  bearing  first  generation  transplants.   Mice  bearing 
spontaneous  breast  tumors  were  used  in  evaluating  high  priority  compounds 
and  in  examining  selected  combination  chemotherapy  and  combined  modality 
regimens.   Agents  to  be  tested  were  selected  according  to  the  following 
criteria:   activity  in  the  P388  pre-screen,  biochemical  rationales,  activity 
reported  in  the  literature,  candidates  for  clinical  trial,  and  established 
clinical  activity.   This  contract  terminated  in  March  1980. 


CDP  ASSOCIATES,  INC.   (N01-CM9-7143) 

This  service  contract  provides  necessary  planning,  analytical  documentation 
and  conference  support  to  the  Office  of  the  Director,  Division  of  Cancer 
Treatment . 


CENTRAL  DRUG  RESEARCH  INSTITUTE  (PL-480  -  AGREEMENT  NO.  NIH-01-004-1) 

The  objectives  of  this  project  are  the  following:   1)  the  synthesis  of  novel 
heterocycles  as  potential  anticancer  agents;  2)  the  collection,  identifica- 
tion, and  screening  of  extracts  of  Indian  plants;  3)  the  identification, 
characterization,  and  synthesis  of  the  active  constituents  and  their  analogs; 
and  4)  liposome  encapsulation  studies.   Efforts  are  underway  to  renew  this 
agreement  in  FY '81. 


CHARLES  RIVER  BREEDING  LABORATORIES   (N01-CM5-0598) 


This  procurement  contract  is  designed  to  furnish  312,000  six-week  old  CD2F1 
(BABL/c  female  x  DBA/2  male)  hybrid  mice  free  of  pseudomonas  for 
Developmental  Therapeutics  Program  contract  studies.   The  breeding  animals 
originate  from  the  genetic  center  at  this  site. 


CHARLES  RIVER  BREEDING  LABORATORIES   (N01-CM7-7141) 

This  primary  genetic  center  has  as  its  objective   the  development  of 
associated  foundation  colonies  of  inbred  rodents  required  for  program 
studies.   Pedigreed  animals  are  derived  via  hysterotomy  and  foster-suckled 
in  germ-free  isolators.   Selected  pedigreed  offspring  are  artificially 
contaminated  with  pure  cultures  of  organisms  and  are  developed  as  pedigreed 
expansion  colonies  in  a  variety  of  isolators.   Offspring  from  this  second 
stage  are  issued  to  secondary  genetic  centers  which,  in  turn,  produce 


CHARLES  RIVER  BREEDING  LABORATORIES   (N01-CM7-7141)  (CONTINUED) 

breeding  animals  for  large-scale  production  colonies.   Classic  methods  for 
the  maintenance  of  the  animals  are  followed  with  respect  to  environmental 
controls  and  microbiological  monitoring.   A  large-scale  production  colony  is 
maintained  in  order  to  provide  suitable  numbers  of  rodents  for  laboratory 
investigators.   Task  1  is  concerned  with  the  production  of  germ-free  rodents, 
counterparts  with  defined  microbial  flora  and  large-scale  production; 
Task  2  in  Calco,  Italy,  produces  rodents  in  bio-containment  environments; 
and  Tasks  3  and  4  are  concerned  with  the  production  of  rodents  for  specific 
investigations. 

CHARLES  RIVER  BREEDING  LABORATORIES   (N01-CM8-7199) 

This  contract  provides  for  the  maintenance  of  a  Strain  2  guinea  pig  associ- 
ated isolator  foundation  colony.   In  addition,  a  small  expansion  colony  will 
be  maintained  within  a  barrier  environment.   This  contract  is  funded  by  the 
Office  of  the  Director,  NCI. 


CHARLES  RIVER  BREEDING  LABORATORIES   (N01-CM8-7212) 


This  contract  provides  for  the  continual  monitoring  of  the  350  plus  associ- 
ated isolators  within  the  DCT  Animal  Program  to  determine  the  flora  status 
of  these  foundation  isolators.   In  addition,  this  contract  will  provide  the 
correct  organisms  for  establishing  flora  in  new  isolators. 


CHARLES  RIVER  BREEDING  LABORATORIES   (N01-CM9-0163) 

This  procurement  contract  provides  for  the  supply  of  156,000  CD2F1  (BALB/c 
female  x  DBA/2  male)  hybrid  mice  for  the  Developmental  Therapeutics  Program 
compound  evaluation  studies.   Breeding  animals  originate  in  genetic  centers. 


CHARLES  RIVER  BREEDING  LABORATORIES   (N01-CM9-7229) 

This  rodent  production  center  contract  supports  a  production  effort  designed 
to  furnish  animals  as  required  by  laboratory  programs.  Breeding  animals  are 
furnished  by  the  government  from  primary  genetic  centers. 


CHEMICAL  ABSTRACTS  SERVICE  (CAS)   (N01-CM4-3722) 

Chemical  Abstracts  Service  manages  the  records  of  all  compounds  accessed  by 
the  Drug  Synthesis  &  Chemistry  Branch,  Developmental  Therapeutics  Program. 
Their  computer  system  currently  holds  data  on  about  330,000  compounds; 
the  data  base  is  growing  at  the  rate  of  15,000  compounds  annually.   Chemical 
structures  and  some  150  data  elements  can  be  recorded  for  each  compound. 
The  latter  include  quantity-on-hand,  confidentiality,  physical  properties, 


CHEMICAL  ABSTRACTS  SERVICE  (CAS)   (N01-CM4-3722)   (CONTINUED) 

origin  of  compounds,  etc.   CAS  performs  data  input,  quality  control,  and 
operates  the  computer  system.   The  system  generates  about  40  reports,  which 
distribute  new  data,  monitor  the  system,  and  facilitate  the  management  of 
its  information.   In  addition,  users  can  query  the  system  on-line,  for 
specific  compounds,  for  classes  of  compounds  specified  by  substructure, 
or  for  various  data  elements,   A  number  of  contractors  (Acquisition,  Storage 
and  Shipping,  Biology  D/P,  Biology  Data  Evaluation,  and  suppliers)  interact 
with  the  system,  in  addition  to  the  NCI  staff.   CAS  further  performs  R&D, 
in  conjunction  with  Drug  Synthesis  &  Chemistry  Branch  staff.   Current 
objectives  are  to  interlink  the  chemical  and  biological  systems  (operated  by 
different  contractors) ,  to  improve  the  compound-selection  process  (by  using 
computer  models)  and,  in  general,  to  improve  the  efficiency,  versatility 
and  convenience  of  the  system. 


CHICAGO,  UNIVERSITY  OF   (N01-CM6-7095) 

This  contract  is  designed  to  support  prospective  randomized,  controlled 
protocol  studies  using  combined  modalities  in  the  surgical  adjuvant  treatment 
of  colon  and  rectal  carcinoma.   This  contract  is  currently  in  its  phase-out 
period. 


CINCINNATI,  UNIVERSITY  OF   (N01-CM8-7222) 

A  member  of  the  Head  and  Neck  Contracts  Program:   A  collaborative  group  of 
six  (6)  institutions  and  two  (2)  cooperative  oncology  groups  to  investigate 
the  effects  of  adjuvant  chemotherapy  in  the  treatment  of  advanced,  resectable 
squamous  carcinoma  of  the  head  and  neck.   The  contract  study  is  a  prospective, 
randomized  comparison  of  a  standard  treatment  regimen  consisting  of  surgery 
and  postoperative  radiotherapy  with  a  regimen  consisting  of  induction  chemo- 
therapy followed  by  the  standard  regimen,  and  with  induction  chemotherapy 
followed  by  the  standard  regimen  with  the  addition  of  a  six  (6)  month  course 
of  maintenance  chemotherapy.   The  induction  chemotherapy  consists  of  cis- 
Platinum  and  Bleomycin.   Cis-Platinum  alone  is  utilized  as  the  maintenance 
chemotherapy.   Two  hundred  and  three  (203)  patients  have  been  randomized  to 
the  study  during  the  first  17  months  since  its  activation. 

CLINICA  NEUROCHIRURGICA  DELL  UNIVERSITA  (DI  PAVIA,  ITALY)   (N01-CM6-7056) 

The  clinical  data  from  patients  with  intracranial  malignancy  provided  under 
this  contract  are  used  to  evaluate  the  efficacy  of  therapy  in  both  phase  II 
and  phase  III  clinical  trials.   Multimodality  therapy  including  surgery, 
radiation  therapy,  chemotherapy,  and  various  sequences  and  combinations 
thereof,  are  used  according  to  a  commonly  agreed  upon  protocol  in  patients 
who  harbor  histopathologically  diagnosed  brain  tumors.   Single  modality 
therapy  is  first  demonstrated  to  have  efficacy  and  then  forward  into  combined 
modality  treatment  protocols.   New  chemo therapeutic  agents,  as  they  are 
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CLINICA  NEUROCHIRURGICA  DELL  UNIVERSITA  (PI  PAVIA.  ITALY)   (N01-CM6-7056) 
(CONTINUED) 

developed  and  brought  to  clinical  trial,  are  also  being  tested  in  controlled 
phase  II  trials  in  order  to  provide  a  more  rational  selection  of  chemo- 
therapeutic  agents  for  further  phase  III  studies  of  brain  tumor  patients. 
The  acquisition  of  a  significant  number  of  patients  into  these  prospective, 
controlled,  randomized  studies  permits  a  comparative  analysis  of  the 
modalities  utilized  as  well  as  insight  into  the  biologic  characteristics 
of  the  disease  entity  being  investigated. 


COLLABORATIVE  RESEARCH,  INC.   (N01-CM7-7071) 

The  primary  objectives  of  this  contract  have  been  to  clarify  the  metabolic 
basis  of  selectivity  and  therapeutic  effectiveness  of  Cyclophosphamide  and 
the  development  of  new  and  more  effective  analogs  of  Cyclophosphamide  and 
its  metabolites  based  on  an  understanding  of  the  contributions  of  the 
various  aspects  of  Cyclophosphamide  metabolism.   During  the  course  of  this 
contract,  the  contractor  has  synthesized  for  testing  58  new  compounds. 
Although  several  of  them  have  shown  preliminary  activity,  none  has  been 
more  active  than  the  parent.   This  contract  was  terminated  in  FY '80. 


COLLABORATIVE  RESEARCH,  INC.   (NQl-CMO-7358) 

The  newly  initiated  Quick  Reaction  Work  Order  Contract  mechanism  provides  for 
the  synthesis  of  a  variety  of  organic  and/or  inorganic  compounds  which  have 
been  identified  by  Program  as  meriting  development.   The  Quick  Reaction  Work 
Order  contracts  provide  the  capability  to  pursue  leads,  uncovered  by 
biological  testing,  by  means  of  the  resynthesis  of  known  compounds  in 
quantities  sufficient  for  confirmatory  testing.   Another  objective  is  the 
synthesis  of  a  selected  number  of  novel  analogs  for  structure-activity 
optimization  studies.   The  Task  Order  contract  makes  available  several 
contractors  who  have  the  chemical  synthetic  expertise  to  synthesize  the 
variety  of  selected  compounds.   The  mechanism  provides  the  capability  of  a 
quick  response,  makes  accessible  a  pool  of  contractors,  isolates  cost  for 
each  task,  provides  flexibility  for  funds,  and  avoids  prolonged  contract 
competitions  once  the  master  contracts  are  awarded. 


COMMUNITY  BLOOD  AND  PLASMA  SERVICE   (N01-CM9-7196) 


The  purpose  of  this  contract  is  to  provide  quadruplet  units  of  HL-A  typed 
platelets  to  patients  in  the  NIH.   The  use  of  HL-A  matched  platelets 
decreases  the  risk  of  sensitization  or  production  of  antibodies  to  white 
cells  and  platelets  in  patients  who  require  long-term  hematologic  support. 
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CONTROL  DATA  CORPORATION   (N01-CM6-7107) 

The  purpose  of  this  contract  is  to  provide  data  management  and  processing 
which  enables  simple  and  rapid  retrieval  of  clinical  information  related  to 
the  patient  data  base  provided  by  the  participating  group  of  contractors, 
the  Brain  Tumor  Study  Group,  who  enter  patients  on  study  according  to 
specified  protocols  for  treatment  of  brain  tumors. 

CORDOVA  CHEMICAL  COMPANY   (N01-CM8-7201) 

This  service  preparative  contract  provides  for  the  resynthesis  of  a  variety 
of  compounds  required  for  clinical  or  preclinical  evaluation.   The  compounds 
prepared  are  not  readily  available  on  the  open  market  or  from  the  original 
supplier  in  the  amounts  required.   The  major  effort  of  this  contract  is 
devoted  to  the  preparation  of  large  quantities  of  materials,  in  the  multi- 
kilogram  range,  requiring  pilot  plant  facilities. 


CORNELL  UNIVERSITY   (N01-CP8-5652) 

This  is  one  of  10  contracts  on  the  subject  of  nutritional  assessment  which 
is  funded  by  the  Diet,  Nutrition,  and  Cancer  Program,  OD,  and  administered 
by  DCT.   This  Contractor  is  evaluating  ultrasound  as  a  technique  for 
assessing  body  fat  and  muscle  thickness. 


DUKE  UNIVERSITY   (N01-CM6-7010) 

The  clinical  data  from  patients  with  intracranial  malignancy  provided  under 
this  contract  are  used  to  evaluate  the  efficacy  of  therapy  in  both  phase  II 
and  phase  III  clinical  trials.   Multimodality  therapy  including  surgery, 
radiation  therapy,  chemotherapy,  and  various  sequences  and  combinations 
thereof,  are  used  according  to  a  commonly  agreed  upon  protocol  in  patients 
who  harbor  histopathologically  diagnosed  brain  tumors.   Single  modality 
therapy  is  first  demonstrated  to  have  efficacy  and  then  forward  into  combined 
modality  treatment  protocols.   New  chemotherapeutic  agents,  as  they  are 
developed  and  brought  to  clinical  trial,  are  also  being  tested  in  controlled 
phase  II  trials  in  order  to  provide  a  more  rational  selection  of  chemo- 
therapeutic  agents  for  further  phase  III  studies  of  brain  tumor  patients. 
The  acquisition  of  a  significant  number  of  patients  into  these  prospective, 
controlled,  randomized  studies  permits  a  comparative  analysis  of  the  clinical 
course  of  the  patients,  the  toxicity  of  the  various  therapeutic  modalities 
utilized  as  well  as  insight  into  the  biologic  characteristics  of  the  disease 
entity  being  investigated. 
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DUKE  UNIVERSITY   (N01-CP8-5656) 

This  is  one  of  10  contracts  on  the  subject  of  nutritional  assessment  which 
is  funded  by  the  Diet,  Nutrition,  and  Cancer  Program,  OD,  and  administered 
by  DCT.   This  Contractor  is  evaluating  static  and  dynamic  tests  of  muscle 
strength  in  cancer  patients.   These  investigators  are  also  evaluating  the 
effects  of  nutritional  status  of  drug  metabolism. 


EDINBURGH,  UNIVERSITY  OF   (N01-CM9-7231) 

The  contract  supports  a  clinical  protocol  which  examines  hyperthermia  and 
radiotherapy  in  the  management  of  bronchial  carcinoma.  This  is  a  randomized 
protocol  comparing  the  effect  of  systemic  hyperthermia  and  radiotherapy  with 
standard  radiotherapy  alone  in  non-operable  carcinoma  of  the  lung.  It  is 
estimated  that  10-14  patients  on  each  arm  of  the  protocol  will  be  treated 
the  first  year.  The  NCI  contract  support  will  be  phased  out  in  September 
1980. 


EMMES  CORPORATION   (N01-CM8-7193) 

The  EMMES  Corporation  provides  the  statistical  support  for  the  Gastro- 
intestinal Tumor  Study  Group.   They  assist  in  design  of  protocols,  perform 
statistical  analyses  of  studies,  and  assist  investigators  in  preparing 
manuscripts  presenting  the  data. 


EMORY  UNIVERSITY   (N01-CP8-5651) 

This  is  one  of  10  contracts  on  the  subject  of  nutritional  assessment  which 
is  funded  by  the  Diet,  Nutrition,  and  Cancer  Program,  OD,  and  administered 
by  DCT.   This  Contractor  is  evaluating  the  use  of  CT  scans  to  measure  body 
fat  and  muscle  mass. 


ENERGY,  DEPARTMENT  OF   (N01-CP8-0207) 

This  is  one  of  10  contracts  on  the  subject  of  nutritional  assessment  which 
is  funded  by  the  Diet,  Nutrition,  and  Cancer  Program,  OD,  and  administered 
by  DCT.   This  Contractor  is  using  the  unique  neutron  activation  facilities 
of  the  Brookhaven  Laboratory  to  study  body  fat  and  muscle  compartments  in 
cancer  patients. 
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ENERGY  RESEARCH  AND  DEVELOPMENT  ADMINISTRATION   (Y01-CM4-0102) 

This  agreement  furnishes  instrumental  and  biological  support  to  progressively 
adapt  a  prototype  cell  microf luorometer  and  computer  data  analysis  system  to 
human  tumor  cell  characterization  studies  and  drug  evaluation  projects 
planned  by  the  National  Cancer  Institute.   Engineering  support  has  accom- 
plished the  design,  testing  and  delivery  of  a  multiparameter  cell  flow 
microf luorometer  and  sorting  device  coupled  with  a  PDP-11/40  computer 
system.   This  FMF  system  is  receiving  progressive  improvements  through 
volume  sensing  devices,  new  software  development,  and  special  maintenance 
as  a  result  of  developing  DCT  needs.   Biological  investigations  are  concerned 
with  FMF  characterization  of  tumor  growth  as  a  function  of  tumor  age  or  size. 
This  contract  terminated  in  April  1980. 


FLORIDA,  UNIVERSITY  OF   (N01-CM9-7320) 

This  is  one  of  five  collaborating  institutions  evaluating  parenteral 
nutrition  as  an  adjunct  to  intensive  combination  chemotherapy  in  patients 
with  limited  or  extensive  small  cell  carcinoma  of  lung.   Patients  who  are 
randomized  to  the  nutrition  intervention  group  receive  graded  levels  of 
nutritional  support  based  on  their  nutritional  status.   In  addition,  this 
institution  is  evaluating  the  effect  of  nutritional  intervention  on  the 
pharmacology  of  antineoplastic  drugs. 


FLOW  LABORATORIES.  INC.   (NOl-CMO-7370) 

This  contract  is  concerned  with  the  development  of  a  practical  scale-up 
procedure  to  manufacture  50  billion  units  of  human  fibroblast  interferon 
during  the  two  year  period  of  the  contract.   The  interferon  will  be  1  x  10' 
units/mg  of  protein. 


FLOW  LABORATORIES.  INC.   (N01-CM6-7Q88) 

This  resource  contract  provides  the  Division  of  Cancer  Treatment  with  storage 
and  distribution  capabilities  for  the  large  volume  of  investigational  and 
commercial  drugs  used  in  clinical  trials.   Approved  orders  for  clinical 
drugs  are  packaged  and  shipped  to  destinations  around  the  world.   The 
Contractor  also  provides  a  computerized  inventory  management  system. 
This  assures  the  proper  rotation  of  stock,  an  adequate  lead  time  to  obtain 
new  supplies  of  drugs,  and  the  prompt  removal  of  expired  materials. 
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FLOW  LABORATORIES,  INC.   (N01-CM9-7254) 

This  Contractor  furnishes  the  NCI  with  facilities  and  services  for  the 
storage  and  distribution  of  synthetic  chemicals,  bulk  chemical  drugs  and 
crystalline  natural  products.   Samples  are  weighed,  packaged  and  shipped 
to  contract  screening  laboratories  and  also  to  various  domestic  and  foreign 
research  laboratories.   The  contract  also  provides  for  the  maintenance  of 
accurate  inventory  records.   This  is  an  on-going  operation  and  supports  all 
of  the  Developmental  Therapeutics  Program  activities. 


FOX  CHASE  CANCER  CENTER   (N01-CM9-7314) 

This  contract  provides  for  the  support  of  a  clinical  neutron  therapy  program 
at  the  University  of  Pennsylvania  using  a  DT  generator  developed  under  the 
direction  of  the  University  of  Pennsylvania  in  part  through  grant  support 
from  NCI.   The  facility  to  accommodate  the  DT  generator  will  be  provided  by 
the  Contractor.   The  A/E  subcontract  will  be  awarded  by  May  1980.   Fabrication 
of  the  DT  generator  is  nearing  completion  and  will  be  ready  for  shipment 
before  the  facility  is  completed. 


FRANKLIN  INSTITUTE  RESEARCH  LABORATORIES   (N01-CM7-7092) 

This  contract  provides  for  the  preparation,  printing  and  distribution  of 
Cancer  Therapy  Abstracts,  Volume  18,  19  and  20  for  the  years  1977  through 
1979.   Computer  tapes  of  the  abstracts  are  also  supplied  for  use  in  the 
ICRDB  data  base,  Cancerline.   The  price  of  the  annual  subscriptions  pays 
the  costs  of  printing  and  mailing  by  the  Contractor.   This  current  awareness 
journal,  published  monthly,  supplies  abstracts  and  annotations  of  the 
world's  literature  pertinent  to  the  treatment  of  cancer.   Hard  copies  of  the 
articles  cited  in  the  journal  are  also  received  from  the  Contractor. 
This  contract  was  phased  out  in  May  1980. 


FRED  HUTCHINSON  CANCER  RESEARCH  CENTER   (N01-CM7-7148) 

A  member  of  the  Lung  Cancer  Study  Group:   A  collaborative  group  of  six  (6) 
institutions  which  are  studying  early  non-oat  cell  lung  cancer  in  three  (3) 
protocols.   Resectable  Stage  I  tumors  are  randomized  (double  blind  trial) 
to  intrapleural  BCG  +  INH  x  12  weeks  versus  placebo  intrapleural  BCG  + 
placebo  INH  x  12  weeks.   Resectable  Stage  II  and  III  epidermoid  carcinoma 
is  randomized  to  observation  versus  radiation  to  tumor  bed  and  mediastinum 
versus  radiation  as  above  +  levamisole.   Stage  II  and  III  adenocarcinoma 
and  large  cell  carcinoma  are  randomized  to  a  three  drug  combination  of 
Cytoxan,  adriamycin,  and  cis-platinum  versus  intrapleural  BCG  +  levamisole. 
An  attempt  will  be  made  to  correlate  disease  course  with  certain  immune 
parameters  before,  during,  and  after  surgery.   A  new  protocol  has  been 
recently  developed  comparing  chemotherapy  vs.  radiotherapy  vs.  chemotherapy 
plus  radiotherapy  in  patients  with  partially  resected  locally  advanced 
non-small  cell  carcinoma  of  the  lung. 
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GEORGETOWN  UNIVERSITY   (N01-CM6-7094) 

This  contract  is  designed  to  support  prospective  randomized,  controlled 
protocol  studies  using  combined  modalities  in  the  surgical  adjuvant  treatment 
of  colon  and  rectal  carcinoma. 


GEORGETOWN  UNIVERSITY   (N01-CM6-7110) 

This  contract  supports  a  comprehensive  program  for  research  in  treatment  and 
care  of  patients  with  gastrointestinal  cancer.   The  program  includes  a  fully 
staffed  and  functioning  GI  unit,  with  participation  by  the  surgery, 
radiology,  clinical,  pathology,  and  medical  departments.   Specifically, 
the  GI  Research  Program  includes  studies  in:   early  detection,  staging,  new 
and  established  anticancer  agents,  combinations  and  multidisciplinary 
approaches,  pharmacology,  evaluation  of  markers  and  professional  training. 
A  new  major  effort  is  devoted  to  the  study  of  implications  of  nutritional 
deficiencies  and  symptomatic  manifestations  of  malignancies,  and  efforts  to 
correct  them.   Specific  areas  of  investigation  being  pursued  include 
development  of  drug  regimens  in  gastric  cancer,  introduction  and  study  of  a 
new  nitrosourea  targeted  towards  gastrointestinal  cancer,  evaluation  of 
effect  of  plasmapheresis  on  tumor  growth,  and  efficacy  of  heroin  on  pain 
control. 


GEORGETOWN  UNIVERSITY   (N01-CM8-7194) 

Contract  to  Georgetown  to  support  Extramural  Clinical  Trials  Operations 
Office  (ECTO)  under  Ms.  Grifone.   Presently  this  office  acts  as  randomization 
center  for  the  Lung  Cancer  Study  Group  and  the  Head  and  Neck  Contract 
Program.   Also  coordinates  all  correspondence  with  the  above  two  groups  in 
addition  to  the  Gastrointestinal  Tumor  Study  Group. 


GEORGETOWN  UNIVERSITY   (N01-CM9-7208) 

This  contract  is  designed  to  conduct  phase  I  and  phase  II  studies  with  new 
anticancer  drugs  sponsored  by  the  Division  of  Cancer  Treatment.   The  phase  II 
studies  will  be  conducted  in  the  DCT  panel  tumors:   acute  leukemia,  lymphoma, 
melanoma,  and  carcinoma  of  lung,  breast,  and  colon. 


GEORGETOWN  UNIVERSITY   (N01-CM9-7310) 

This  contract  is  designed  to  carry  out  phase  II  studies  in  gastric  and 
pancreatic  cancer.   The  major  areas  included  under  the  contract  are: 

1)  systematic  investigation  of  new  agents  in  gastric  and  pancreatic  cancer; 

2)  development  of  new  combinations  of  agents;  and  3)  detailed  pharmacologic 
evaluation  of  single  and  combined  agents. 
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HARLAN  INDUSTRIES   (N01-CM5-0591) 

This  contract  furnishes  approximately  312,000  six-week  old  CD2F1  (BALB/c 
female  x  DBA/2  male)  hybrid  mice  for  compound  evaluation  studies.   Breeding 
animals  are  furnished  from  genetic  centers  and/or  production  colonies. 


HARLAN  INDUSTRIES   (N01-CM7-7168) 

This  primary  genetic  center  establishes  associated  flora  foundation  colonies 
from  which  pedigreed  expansion  colonies  are  propagated  into  barrier  rooms. 
The  foundation  colonies  are  rederived  from  stock  furnished  by  the  NIH 
repository.   Rederived  expansion  colonies  are  maintained  in  the  barrier 
environment.   Athymic  (nude)  mice  on  the  Swiss  background  are  also  produced 
under  this  contract. 


HARLAN  INDUSTRIES   (N01-CM9-7242) 

This  contract  provides  for  the  maintenance  of  a  rodent  production  center. 
This  center  produces  stocks  and  strains  of  rodents  for  research  and  testing 
laboratory  programs.   Production  levels  for  individual  colonies  are 
correlated  with  requirements  for  specific  investigations.   This  contract 
also  furnishes  breeding  animals  for  large-scale  production  colonies. 
Major  emphasis  is  upon  the  production  of  C3H/HeN  MTV+,  DBA/8,  BALB/c-CMC, 
and  CD8F1  mice. 


HARLAN  INDUSTRIES   (N01-CM9-7243) 

This  contract  provides  for  the  maintenance  of  a  rodent  production  center. 
This  center  produces  stocks  and  strains  of  rodents  for  research  and  testing 
laboratory  programs.   Production  levels  for  individual  colonies  are 
correlated  with  requirements  for  specific  investigations.   This  contract 
furnishes  breeding  animals  for  large-scale  production  colonies.   The  breeding 
stock  is  received  from  the  primary  genetic  centers. 


HAWAII,  UNIVERSITY  OF   (N01-CM3-3747) 

This  contract  provides  for  the  collection  of  3  to  5  lb.  plant  samples  from 
the  indigenous  and  exotic  higher  plants  of  the  Hawaiian  Islands  and  Pacific 
area  and  the  recollection  of  larger  samples  of  those  that  are  reproducibly 
active  in  the  Developmental  Therapeutics  Program  tests.   Plants  so  obtained 
are  shipped  to  the  extraction  contract,  Raltech  Scientific  Services,  Inc., 
and  the  extracts  tested  at  one  of  our  contract  screeners.   Larger  recollec- 
tions are  shipped  to  the  individual  f ractionators  as  assigned  by  DTP. 


HAZLETON  RESEARCH  ANIMALS,  INC.   (N01-CM6-0125) 

This  contract  provides  250  beagle  hounds  for  toxicological  assays.   These 
animals  are  raised  under  controlled  conditions  in  accordance  with  the 
specifications  delineated  in  the  contract.   Breeding  animals  are  supplied 
by  the  Contractor. 


HAZLETON  LABORATORIES,  INC.   (N01-CM8-7156) 

This  contract  provides  for  the  supply  of  dogs  for  leukocyte  transfusion  and 
bone  marrow  autograft  experiments.   The  specific  experiments  underway  seek 
dose-response  relationships  in  leukocyte  transfusion  of  leukopenic  dogs  with 
pseudomonas  sepsis,  and  examine  the  bone  marrow  stem  cell  dose,  using  CFU-C, 
to  reconstitute  hemopoiesis  after  marrow  ablative  chemo-  or  radiotherapy. 
In  addition,  experiments  are  underway  to  explore  ex-vivo  removal  of  immune 
blocking  factors  using  a  canine  mammary  carcinoma  model.   By  passing  plasma 
of  such  dogs  over  an  absorption  column  containing  staphylococcal  A  protein, 
immune  complexes  are  removed  and  tumors  are  observed  to  regress. 


HAZLETON  LABORATORIES,  INC.   (N01-CM9-7217) 

The  objectives  of  the  contract  are:   (a)  to  obtain  comparative  data  on  the 
response  of  primates  to  known  rodent  carcinogens  and  to  materials  suspected 
of  being  carcinogenic  in  man;  (b)  to  evaluate  the  long-term  effects  of 
antineoplastic  and  immunosuppressive  agents  which  are  being  used  clinically; 
(c)  to  obtain  model  tumor  systems  in  primates  for  evaluation  of  new  and 
established  antitumor  agents;  (d)  to  make  available  normal  and  tumor-bearing 
animals  for  pharmacologic,  toxicologic,  biochemical,  and  immunological 
studies;  (e)  to  develop  biological  markers  and  diagnostic  tests  for  detecting 
pre-neoplastic  changes  as  well  as  frank  neoplasia;  (f)  to  develop  models  for 
prevention  of  carcinogenesis,  especially  for  protecting  against  potent 
primate  carcinogens  and  against  the  carcinogenic  effects  of  clinically  useful 
antitumor  agents;  and  (g)  to  maintain  a  breeding  colony  of  various  species 
of  primates  so  that  these  primates  may  be  readily  available  for  use. 
All  work  is  carried  out  in  close  cooperation  with  the  Laboratory  of  Chemical 
Pharmacology,  DTP,  NCI. 


HEALTH  RESEARCH,  INC.   (N01-CM4-3782) 

This  contract  is  designed  to  explore  in  prospective  randomized,  controlled 
protocol  studies  (1)  the  value  of  adjuvant  chemotherapy  following  a  curative 
gastric  resection,  and  (2)  phase  III  evaluation  of  single  agent  and 
combined  chemotherapy  regimens  in  advanced  disease.   In  addition,  phase  II 
studies  of  single  agents  in  previously  treated  patients  are  being  evaluated. 
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HEALTH  RESEARCH,  INC.   (N01-CM4-3794) 

This  contract  is  designed  to  evaluate  a  combined  modality  protocol  employing 
radiotherapy  and  chemotherapy  in  the  treatment  of  locally  unresectable 
carcinoma  of  the  pancreas.   Phase  II  studies  of  single  agent  and  combination 
chemotherapy  are  also  being  evaluated,  as  well  as  the  role  of  radio- 
chemotherapy  as  an  adjuvant  to  pancreatic  surgery. 


HEALTH  RESEARCH,  INC.   (N01-CM5-7034) 

This  contract  is  designed  to  support  prospective  randomized,  controlled 
protocol  studies  using  combined  modalities  in  the  surgical  adjuvant  treatment 
of  colon  and  rectal  carcinoma. 


HEALTH  RESEARCH,  INC.   (N01-CM7-7101) 

This  contract  is  designed  to  monitor  and  maintain  genetic  control  of  tumor 
strains  and  inbred  mouse  stocks.   This  service  was  established  to  assure 
continuous  control  of  the  biological  materials  used  in  program  studies. 
The  Contractor  carries  out  the  service  by:   1)  performing  iso-antigenic  typing 
tests  of  tumors  used  in  the  various  screening  tests,  enabling  the 
Developmental  Therapeutics  Program  to  maintain  and  distribute  tumors 
identifal  to  the  prototype;  2)  developing  techniques  and  material  for 
antigenic  typing  of  tumors  new  to  the  screening  program;  3)  determining 
strain  specificity  of  tumors  originating  in  the  inbred  mouse;  and  4)  per- 
forming skin  grafts  and  antigenic  studies  of  mouse  strains  to  assure  their 
continuous  genetic  integrity  and  histocompatibility  with  other  sublines 
maintained  in  counterpart  genetic  production  centers. 


HEALTH  RESEARCH,  INC.   (N01-CM7-7118) 

The  purpose  of  this  project  is  to  investigate  several  aspects  of  the 
pharmacologic,  toxicologic  and  therapeutic  properties  of  liposome- 
encapsulated  antitumor  agents.   Agents  under  study  are  cytosine  arabinoside, 
methotrexate  and  adriamycin.   Initial  studies  have  been  conducted  to  develop 
techniques  for  the  production  of  liposomes  homogenous  with  regard  to  size 
and  composition,  and  to  assess  chemical  stability  under  conditions  of 
storage.   Currently,  studies  on  free  versus  liposome-encapsulated  antitumor 
agents  are  being  performed  in  order  to  assess  the  effect  of  variations  in 
liposome  chemical  composition,  surface  charge,  and  particle  size  on 
physiologic  disposition  and  antitumor  effects.   In  vitro  studies  are  being 
performed  on  the  effects  of  chemical  composition,  surface  charge  and 
particle  size  of  liposomes  on  their  affinity  for,  uptake  by,  and  interaction 
with  normal  and  tumor  cells.   In  other  in  vivo  studies,  dose-response 
relationships  are  being  established  for  each  liposome-encapsulated  drug, 
as  well  as  its  optimal  route  of  administration  (iv,  ip  or  im)  and  dosage 
schedule.   Future  studies  will  include  an  assessment  of  the  acute  toxicity 


HEALTH  RESEARCH,  INC.   (N01-CM7-7118)  (CONTINUED) 

of  the  liposome-encapsulated  antitumor  agents,  and  a  comparison  with  that  of 
the  non-encapsulated  agents  in  normal  and  tumor-bearing  animals.   This 
contract  will  terminate  in  August  1980. 


HEALTH  RESEARCH,  INC.   (N01-CM9-7311) 

The  objective  of  this  program  is  to  evaluate  in  a  phase  II  study,  photo- 
radiation  therapy  as  a  means  of  local  treatment  of  various  malignancies  in  man. 
It  is  planned  to  determine  its  scope  and  limitations  and  especially  to 
identify  situations  where  it  may  offer  a  unique  advantage  over  existing 
therapies  as  a  treatment  for  patients  who  have  failed  other  modalities. 
Photoradiation  therapy  involves  irradiating  hematoporphyrin  derivative, 
which  accumulates  in  malignant  tissue,  with  appropriate  laser  light  in  the 
presence  of  oxygen.   This  process  generates  singlet  oxygen,  a  highly  toxic 
substance. 


IIT  RESEARCH  INSTITUTE   (NOl-CMO-7359) 

The  newly  initiated  Quick  Reaction  Work  Order  Contract  mechanism  provides  for 
the  synthesis  of  a  variety  of  organic  and/or  inorganic  compounds  which  have 
been  identified  by  Program  as  meriting  development.   The  Quick  Reaction  Work 
Order  contracts  provide  the  capability  to  pursue  leads,  uncovered  by 
biological  testing,  by  means  of  the  resynthesis  of  known  compounds  in 
quantities  sufficient  for  confirmatory  testing.   Another  objective  is  the 
synthesis  of  a  selected  number  of  novel  analogs  for  structure-activity 
optimization  studies.   The  Task  Order  contract  makes  available  several 
contractors  who  have  the  chemical  synthetic  expertise  to  synthesize  the 
variety  of  selected  compounds.   The  mechanism  provides  the  capability  of  a 
quick  response,  makes  accessible  a  pool  of  contractors,  isolates  cost  for 
each  task,  provides  flexibility  for  funds,  and  avoids  prolonged  contract 
competitions  once  the  master  contracts  are  awarded. 


IIT  RESEARCH  INSTITUTE   (N01-CM9-7213) 

This  contract  provides  assistance  to  the  Drug  Evaluation  Branch  staff  in 
monitoring  and  evaluation  of  test  data  and  the  follow-up  of  materials  demon- 
strating activity  in  the  primary  in  vitro  and  in  vivo  screens.   The  Contractor 
participates  with  staff  in  the  expediting  of  the  scheduling  of  testing  and 
the  evaluation  of  data  on  those  materials  which  are  recommended  for  testing  in 
the  panel  of  antitumor  test  systems.   Design  of  data  files  used  as  management 
tools  by  Developmental  Therapeutics  Program  staff  has  been  provided  and  the 
coordination  of  the  data  input  to  these  files  continues  to  be  provided  by  the 
Contractor. 
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IIT  RESEARCH  INSTITUTE   (N01-CM9-7316) 


Crude  natural  products,  purified  fractions  of  confirmed  in  vivo  natural 
products,  and  synthetic  materials  are  tested  for  efficacy  in  the  P388  pre- 
screen  tumor  system.   Upon  request,  materials  are  tested  in  the  complete 
tumor  panel.   These  are  L1210,  Lewis  lung,  B16  melanoma,  colon  38,  CD8F1 
mammary,  and  colon,   lung,  breast  xenograft  systems.   Testing  is  conducted 
at  the  50,000  P388  test  equivalent  level. 


ILLINOIS,  UNIVERSITY  OF   (N01-CM9-7259) 

The  objective  of  this  contract  is  to  do  a  worldwide  survey  of  all  the  natural 
projects  literature,  identifying  new  structures  and  reports  of  specific 
biological  activity  which  may  be  related  to  cancer,  and  reports  of  biological 
activity  of  plant  and  animal  extracts.   This  allows  us  to  select  compounds 
for  testing  in  our  NCI  program. 


ILLINOIS,  UNIVERSITY  OF   (N01-CM9-7295) 

This  contract  provides  for  the  fractionation  of  confirmed  active  plant 
extracts  and  fermentation  products  in  order  to  isolate  in  a  pure  state  and 
identify  the  active  compound(s).   Plant  materials  used  in  this  work  are 
obtained,  for  the  most  part,  through  the  United  States  Department  of 
Agriculture. 


INDIAN  CANCER  RESEARCH  INSTITUTE  (PL-480  -  AGREEMENT  NO.  NIH-01-010-1) 

This  is  a  PL-480  agreement  for  the  collection,  identification,  preparation 
of  crude  extracts,  and  testing  of  these  extracts  in  the  P388  pre-screen  tumor 
system.   In  addition,  synthetic  materials  that  are  synthesized  in  India,  are 
tested  in  the  P388  pre-screen.   This  requires  the  establishment  of  an  animal 
breeding  colony  to  supply  the  host  animals  and  a  screening  laboratory. 
Both  are  situated  in  Bombay.   The  P388  testing  is  conducted  in  accordance 
with  the  established  Drug  Evaluation  Branch  protocol. 


INDIANA  UNIVERSITY  FOUNDATION   (N01-CM6-7057) 

The  clinical  data  from  patients  with  intracranial  malignancy  provided  under 
this  contract  are  used  to  evaluate  the  efficacy  of  therapy  in  both  phase  II 
and  phase  III  clinical  trials.   Multimodality  therapy  including  surgery, 
radiation  therapy,  chemotherapy,  and  various  sequences  and  combinations 
thereof,  are  used  according  to  a  commonly  agreed  upon  protocol  in  patients 
who  harbor  histopathologically  diagnosed  brain  tumors.   Single  modality 
therapy  is  first  demonstrated  to  have  efficacy  and  then  forward  into  combined 
modality  treatment  protocols.   New  chemotherapeutic  agents,  as  they  are 
developed  and  brought  to  clinical  trial,  are  also  being  tested  in  controlled 
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INDIANA  UNIVERSITY  FOUNDATION   (N01-CM6-7057)  (CONTINUED) 

phase  II  trials  In  order  to  provide  a  more  rational  selection  of  chemo- 
therapeutlc  agents  for  further  phase  III  studies  of  brain  tumor  patients. 
The  acquisition  of  a  significant  number  of  patients  Into  these  prospective, 
controlled,  randomized  studies  permits  a  comparative  analysis  of  the  clinical 
course  of  the  patients,  the  toxicity  of  the  various  therapeutic  modalities 
utilized  as  well  as  insight  into  the  biologic  characteristics  of  the  disease 
entity  being  investigated. 

INFORMATION  MANAGEMENT  SERVICES,  INC.   (N01-CP7-1010) 

An  interdivlsional  transfer  of  funds  to  DCCP,  Biometry  Branch,  to  support 
statistical  services  for  the  Lung  Cancer  Study  Group  headed  by  Dr.  Mitchell 
Gall.   Monies  support  extramurally  contracted  data  management  with  IMS. 

INFORMATION  PLANNING  ASSOCIATES,  INC.   (N01-CM7-7104) 

Information  Planning  Associates,  Inc.  provides  technical  assistance  and 
support  services  in  the  area  of  investigational  drug  regulations. 
Information  is  gathered  and  assembled  for  the  preparation  of  Investigational 
New  Drug  Applications  (IND's).   This  Includes  screening  information,  animal 
toxicology,  chemistry,  bibliographic  information,  drug  labeling  and  the 
clinical  protocol.   This  information  is  submitted  to  the  Food  and  Drug 
Administration  and  an  IND  is  awarded.   This  Contractor  then  maintains  the 
files  by  amending  information  as  necessary.   IPA  is  also  Involved  with  the 
preparation  of  IND  annual  reports,  the  establishment  of  drug  master  files, 
the  distribution  of  clinical  brochures,  and  the  dissemination  of  adverse 
drug  reaction  information. 

INSTITUT  JULES  BORDET   (N01-CM5-3840) 

The  objective  of  this  contract  is  the  maintenance  of  a  chemotherapy  liaison 
office  at  the  Institut  Jules  Bordet,  Cancer  Center  of  the  University  of 
Brussels,  Belgium.   The  program  is  designed  to  foster  close  collaboration 
between  European  and  United  States  investigators  in  the  development  and 
application  of  new  clinical  anticancer  drugs  and  in  the  exchange  of  pre- 
clinical experimental  and  clinical  scientific  knowledge  and  materials 
requisite  for  maximum  progress  in  cancer  treatment.   In  addition  to  the 
Information  activities,  an  animal  tumor  test  program  is  maintained  for  the 
more  detailed  evaluation  and  development  of  selected  new  compounds,  in 
accordance  with  National  Cancer  Institute  Interests. 
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INSTITUT  JULES  BORDET   (N01-CM5-7040) 

In  addition  to  synthetic  and  natural  products  collected  in  northern  Europe, 
synthetic  materials  are  sent  from  the  United  States  for  testing,  according 
to  established  protocol,  in  the  P388  pre-screen  tumor  model.   Upon  request, 
materials  are  tested  in  tumor  panel  systems,  B16  melanoma,  Lewis  lung, 
L1210  and  colon  38,  according  to  established  protocols.   In  addition  to  the 
previously  listed  testing,  upon  request,  schedule  dependency  and  detailed 
testing  are  conducted  with  compounds  of  potential  clinical  interest.   Testing 
is  conducted  at  the  25,000  P388  equivalent  test  level  per  year. 

INSTITUTE  OF  CANCER  RESEARCH   (N01-CM4-3736) 

This  project  involves  (1)  validation  of  human  tumor  xenografts  as  models  for 
cancer  chemotherapy;  (2)  the  use  of  human  tumor  xenografts  and  transplantable 
mouse  tumors  for  testing  new  compounds  of  interest  to  DCT,  NCI;  (3)  toxicology, 
pharmacology,  and  initial  clinical  trials  of  new  drugs  developed  in  this 
project;  and  (4)  studies  of  the  biochemical  basis  for  treatment  response  or 
failure  aimed  at  the  design,  synthesis,  and  detailed  evaluation  of  new  drugs. 

INSTITUTE  OF  CANCER  RESEARCH   (N01-CM7-7139) 

The  objective  of  this  project  is  to  design,  synthesize  and  evaluate  nitro- 
imidazoles  and  related  substances  that  will  selectively  radiosensitize  hypoxic 
cells  in  combination  with  radiotherapy.   The  compounds  are  evaluated  for 
electron  affinity,  cytotoxicity,  lipophilicity  and  in  vitro  sensitizing 
efficacy.   The  focus  of  this  project  is  to  develop  a  radiosensitizer  with 
less  neurotoxicity  than  misonidazole. 

IOWA,  UNIVERSITY  OF   (N01-CM4-3743) 

This  contract  provides  services  involving  dosage  form  development  and  manu- 
facture of  investigational  drugs  for  subsequent  clinical  evaluation. 
Compounds  to  be  formulated  are  selected  and  provided  by  the  National  Cancer 
Institute.   The  Contractor  has  produced  primarily  sterile  freeze  dried 
injectable  products,  infusion  fluids  and  tablets  under  this  contract. 
However,  the  Contractor  has  the  capability  to  produce  a  wide  variety  of 
pharmaceutical  dosage  forms.   The  Contractor  is  responsible  for  completing 
required  analytical  and  safety  tests  on  each  product  as  well  as  monitoring 
the  stability  of  the  dosage  form  at  recommended  and  elevated  temperatures. 
All  products  are  packaged,  labelled  and  shipped  to  the  National  Cancer 
Institute  for  subsequent  redistribution  to  clinical  investigators. 
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IOWA,  UNIVERSITY  OF   (N01-CM7-7176) 

The  major  objective  of  this  fermentation  contract  is  the  preparation  of 
novel  antibiotics  using  the  fermentation  techniques  of  biotransformation 
and  co-metabolism.   This  effort  is  to  convert  materials  which  have 
solubility,  toxicity  or  marginal  activity  problems  to  more  active  anti- 
neoplastic agents.   A  multitude  of  unique  organisms  is  isolated  and  used  to 
obtain  these  microbial  conversions  in  an  effort  to  obtain  antineoplastic 
agents. 


IOWA,  UNIVERSITY  OF   (N01-CM9-7319) 

This  is  one  of  five  collaborating  institutions  evaluating  parenteral 
nutrition  as  an  adjunct  to  intensive  combination  chemotherapy  in  patients 
with  limited  or  extensive  small  cell  carcinoma  of  lung.   Patients  who  are 
randomized  to  the  nutrition  intervention  group  receive  graded  levels  of 
nutritional  support  based  on  their  nutritional  status. 


ISTITUTO  NAZIONALE  PER  LO  STUDIO  E  LA  CURA  DEI  TUMORI   (N01-CM3-3714) 

The  major  thrust  of  this  contract  has  been  the  multidisciplinary  approach  to 
breast  cancer  at  all  stages.   Completed  studies  in  the  very  important 
follow  up  phase  include  the  "CMF  combination  chemotherapy  versus  placebo 
following  radical  mastectomy  for  Stage  II  carcinoma"  and  the  "CMF  12  versus 
six  months  of  treatment"  study  in  the  same  stage.   More  recent  studies 
include  a  detailed  analysis  of  estrogen  receptor  and  pathologic  data  in 
influencing  relapse  rate  in  premenopausal  women  treated  with  CMF.   Post- 
menopausal women  under  65  are  being  treated  with  a  delayed  intensification 
schema  versus  conventional  CMF/AV  treatment,  and  older  women  with  tamoxifen. 
Work  is  continuing  with  innovative  protocols  at  all  stages  including  locally 
inoperable  and  advanced  breast  cancer.   In  other  disease  areas,  this  contract 
has  participated  within  the  Gastrointestinal  Tumor  Study  Group  in  colon 
adjuvant  studies  and  is  developing  new  protocols  to  test  concepts  of  late 
intensification  in  testicular,  small  cell  of  lung,  diffuse  histiocytic 
lymphoma,  and  breast  cancer. 


ISTITUTO  NAZIONALE  PER  LO  STUDIO  E  LA  CURA  DEI  TUMORI   (NQ1-CM4-3726) 

This  contract  represents  utilization  of  a  unique  resource  of  both  advanced 
and  early  patients  with  malignant  melanoma  for  various  controlled  clinical 
trials.   The  Project  Director  is  the  Chairman  of  the  International  Group  for 
the  Clinical  Study  of  Melanoma.   There  are  27  collaborating  institutions 
including  Eastern  and  Western  Europe,  Australia  (Sydney),  and  South  America 
(Montevideo).   Investigators  have  surgical,  pathologic,  chemotherapeutic  and 
immunotherapeutic  expertise.   A  clinical  trial  to  determine  the  value  of 
adjuvant  DTIC,  BCG,  DTIC  +  BCG  or  no  further  therapy  following  lymph  node 
dissection  in  patients  with  nodal  melanoma  metastases  or  Stage  I  lesions  of 
the  trunk  is  currently  in  progress.   The  study  will  determine  whether  the 
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ISTITUTO  NAZIONALE  PER  LP  STUDIO  E  LA  CURA  DEI  TUMORI   (N01-CM4-3726) 
(CONTINUED) 

above  adjuvant  therapies  increase  the  disease  free  interval  for  those 
patients.   In  addition,  a  trial  of  DTIC,  DTIC  +  BCG,  or  DTIC  +  C.  parvum 
in  advanced  malignant  melanoma  is  also  in  progress.   This  study  will 
determine  the  response  rates  and  duration  of  response  for  patients  with 
metastatic  melanoma. 


JAPANESE  FOUNDATION  FOR  CANCER  RESEARCH   (N01-CM2-2054) 

The  objective  of  this  contract  is  the  maintenance  of  a  chemotherapy  liaison 
office  at  the  Japanese  Foundation  for  Cancer  Research  in  Tokyo.   The  program 
is  designed  to  foster  close  collaboration  between  Japanese  and  United  States 
investigators  in  the  development  and  application  of  new  clinical  anticancer 
drugs  and  in  the  exchange  of  preclinical  experimental  and  clinical  scientific 
knowledge  and  materials  requisite  for  maximum  progress  in  cancer  therapy. 
A  small  testing  facility  is  also  maintained  for  the  screening  and  further 
evaluation  of  selected  new  compounds. 


KANSAS,  UNIVERSITY  OF   (N01-CM2-3217) 

This  contract  provides  research  capabilities  in  the  area  of  dosage  form  design 
and  development.   Formulation  problems  not  amenable  to  the  usual  solubiliza- 
tion and/or  stabilization  methods  are  investigated.   The  Contractor  has 
particular  expertise  in  the  application  of  molecular  complexes  and  reversible 
derivatives  to  improve  solubility.   Pilot  batch  preparation  and  chemical 
evaluation  of  these  novel  formulations  are  carried  out  under  this  contract. 


KANSAS,  UNIVERSITY  OF,  MEDICAL  CENTER   (N01-CM9-7272) 

This  contract  is  designed  to  conduct  phase  I  clinical  studies  with  new  anti- 
cancer drugs  sponsored  by  the  Division  of  Cancer  Treatment  or  to  conduct 
phase  I  clinical  studies  with  new  combinations  or  regimens  mutually  agreed 
upon. 


KENTUCKY,  UNIVERSITY  OF   (N01-CM6-7038) 

This  was  a  resource  and  development  contract  studying  terminal  deoxynucleo- 
tidyl  transferase  (TdT)  enzyme  in  cells  of  bone  marrow  and  peripheral  blood 
of  patients,  as  a  marker  for  classification  and  guidance  of  therapy  in 
leukemia.   In  over  200  cases  studied  serially  the  TdT  level  was  found  useful 
in  identifying  obscure  acute  l3miphoblastic  leukemia  and  identifying  other 
dyscrasias  that  respond  to  treatment  appropriate  for  ALL,  such  as  some  blastic 
crises  in  chronic  myelogenous  leukemia,  atypical  leukemias  and  some  diffuse 
non-Hodgkins  lymphomata.   The  TdT  level  proved  not  to  be  of  prognostic  value 
in  childhood  ALL  in  remission.   This  work  has  been  continued  and  extended 
with  grant  support  since  the  contract  terminated  in  June  1980. 
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KENTUCKY,  UNIVERSITY  OF   (N01-CM6-7058) 

The  clinical  data  from  patients  with  intracranial  malignancy  provided  under 
this  contract  are  used  to  evaluate  the  efficacy  of  therapy  in  both  phase  II 
and  phase  III  clinical  trials.   Multimodality  therapy  including  surgery, 
radiation  therapy,  chemotherapy,  and  various  sequences  and  combinations 
thereof,  are  used  according  to  a  commonly  agreed  upon  protocol  in  patients 
who  harbor  histopathologically  diagnosed  brain  tumors.   Single  modality 
therapy  is  first  demonstrated  to  have  efficacy  and  then  forward  into  combined 
modality  treatment  protocols.   New  chemotherapeutic  agents,  as  they  are 
developed  and  brought  to  clinical  trial,  are  also  being  tested  in  controlled 
phase  II  trials  in  order  to  provide  a  more  rational  selection  of  chemo- 
therapeutic agents  for  further  phase  III  studies  of  brain  tumor  patients. 
The  acquisition  of  a  significant  number  of  patients  into  these  prospective, 
controlled,  randomized  studies  permits  a  comparative  analysis  of  the  clinical 
course  of  the  patients,  the  toxicity  of  the  various  therapeutic  modalities 
utilized  as  well  as  insight  into  the  biologic  characteristics  of  the  disease 
entity  being  investigated. 

KYOWA  HAKKO  KOGYO  CO.,  LTD   (N01-CM8-7190) 

This  contract  is  to  evaluate  the  ability  of  plant  cells  to  grow  and  to 
produce  the  antineoplastic  agent  in  submerged  fermentations.   Often  plants 
which  produce  antineoplastic  agents  are  found  in  foreign  countries.   In  order 
to  insure  supply  of  these  plants  one  must  be  able  to  cultivate  them  or  find 
worldwide  sources.   Weather  and  political  conditions  often  make  it  prohibi- 
tive to  obtain  plant  material  in  sufficient  quantity  to  isolate  adequate 
amounts  of  the  antineoplastic  agent  for  NCI  evaluation.   The  contract  is 
evaluating  the  possibility  of  propagating  plant  cells  in  submerged  culture 
to  produce  antineoplastic  agents  of  interest.   This  would  insure  local  supply 
of  such  agents  and  allow  NCI  to  move  quickly  to  obtain  these  materials. 
Eight  plants  of  interest  to  NCI  have  been  assigned  and  one  of  these  has  been 
propagated  and  produces  the  compound  of  interest. 


LABORATORY  SUPPLY  COMPANY,  INC.   (N01-CM5-0577) 


This  contract  furnishes  approximately  312,000  CD2F1  (BALB/c  female  x  DBA/2 
male)  hybrid  mice  for  compound  evaluation  studies.   Breeding  animals  are 
furnished  from  genetic  centers  and/or  rodent  production  colonies. 


LABORATORY  SUPPLY  COMPANY,  INC.   (N01-CM9-7244) 

This  contract  provides  for  the  maintenance  of  a  rodent  production  center. 
This  center  produces  stocks  and  strains  of  rodents  for  research  and  testing 
laboratory  programs.   Production  levels  for  individual  colonies  are  correlated 
with  requirements  for  specific  investigators.   This  contract  also  furnishes 
breeding  animals  for  large-scale  production  colonies.   All  activities  are 
performed  in  bio-containment  environments.   The  breeding  stock  is  received 
from  the  primary  genetic  centers. 
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LEO  GOODWIN  INSTITUTE  FOR  CANCER  RESEARCH   (N01-CM7-7165) 

This  primary  genetic  center  has  as  its  objectives  the  development  of  associ- 
ated foundation  colonies  of  inbred  rodents.   Pedigree  animals  are  derived  via 
hysterotomy  and  foster-suckled  in  germfree  isolators.   Selected  pedigreed 
offspring  are  artificially  contaminated  with  pure  cultures  of  non-pathogenic 
organisms  and  are  developed  as  pedigreed  expansion  colonies  in  isolators. 
Offspring  from  this  second  stage  are  issued  to  Rodent  Production  Centers 
which,  in  turn,  produce  large-scale  production  colonies.   The  methods 
commonly  accepted  as  best  practice  are  followed  with  respect  to  environmental 
controls  and  microbiological  monitoring.   A  small-scale  production  colony  is 
maintained  in  order  to  provide  limited  numbers  of  rodents  for  special 
research  and  testing  studies. 


LITTON  BIONETICS,  INC.   (N01-CM6-7067) 

This  contract  supports  the  efforts  of  the  Surgery  Branch  to  monitor  patients 
undergoing  immunotheapy.   The  immunologic  reactivity  of  these  patients  before, 
during  and  after  treatment  with  immune  adjuvants  requires  storage  and 
cryopreservation  of  lymphocytes  and  serum  for  subsequent  testing.   Because  of 
the  dif ficulities  of  day-to-day  variability  in  many  of  the  bioassays  used  to 
study  the  immune  response,  it  is  critical  that  these  reagents  be  stored  and 
cryopreserved  in  such  a  fashion  as  to  allow  simultaneous  estimation  of  such 
assays  as  mitogen  stimulation,  immunoglobulin  determinations,  cellular 
cytotoxicity,  and  other  tests  of  immunologic  function.   Further,  the 
Contractor  assists  in  the  tracking  and  following  of  all  patients  of  immuno- 
therapy protocols  for  the  purposes  of  correlating  the  clinical  data  with  the 
immunologic  findings. 


LITTON  BIONETICS,  INC.   (N01-CM7-7134) 

The  objectives  of  this  contract  are:   (1)  to  provide  laboratory  facilities 
for  maintaining  various  experimental  animals,  including  sub-human  primates; 
(2)  to  provide  biohazard  facilities  which  permit  in  vitro  and  Jxi  vivo  studies 
to  primate  retroviruses;  (3)  to  provide  all  facilities  essential  to  tumori- 
genic  studies,  including  all  necessary  personnel  and  equipment  for  the 
procurement  and  analysis  of  blood  and  other  body  fluids  and  of  surgical  or 
post-mortem  tissue  samples;  and  (4)  to  prepare  and  analyze  antisera  to 
selected  purified  cellular  and  viral  proteins. 


LITTON  BIONETICS,  INC.   (N01-CM8-7169) 

This  contract  assists  the  intramural  scientists  in  the  Clinical  Oncology 
Program  in  the  storage  and  maintenance  of  laboratory  animals.   The  facilities 
of  the  Clinical  Center  are  extremely  limited  in  the  availability  of  space  and 
personnel  for  laboratory  animal  handling,  and  this  investigative  resource  is 
commonly  available  through  a  contract  mechanism.   The  contract  combines  the 
animal  holding  and  transport  needs  of  all  Branches  in  Clinical  Oncology  into 
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LITTON  BIONETICS.  INC.   (N01-CM8-7169)  (CONTINUED) 

one  support  contract.   The  Contractor  maintains,  feeds,  and  transports  the 
animals  but  does  not  conduct  research.   Tumored  animal  models  are  also 
provided. 


LITTON  BIONETICS,  INC.   (N01-CM8-7187) 

The  major  objectives  of  this  contract  are:   (1)  to  purify  selected  cellular 
and  retroviral  structural  proteins  and  to  analyze  their  primary  structure  and 
antigenic  relatedness;  (2)  to  purify  and  analyze  selected  cellular  and  viral 
DNA  polymerases;  (3)  to  prepare  various  viral  nucleic  acid  probes  from 
selected  retroviruses  and  to  analyze  cellular  nucleic  acids  for  sequence 
homology;  (4)  to  test  cellular  macromolecules  and  sub-cellular  particles  for 
possible  virologic  or  tumorigenic  biological  activity;  (5)  isolation, 
purification  and  biochemical  characterization  of  factors  which  promote  growth 
and  differentiation  of  myelogenous  leukemia  cells  and  T  cells;  and  (6) 
development  of  assay  systems  for  the  selective  growth  of  leukemia  leukocytes 
as  compared  to  normal  bone  marrow  cells. 


LITTON  BIONETICS,  INC.   (N01-C07-5380) 

The  Government-owned  contractor-operated  Frederick  Cancer  Research  Center 
serves  as  a  multi-faceted  contract  involving  the  following  activities  for 

the  Division  of  Cancer  Treatment: 

Biologic  Markers  Program  (BMP) 

This  group  of  11  professionals  and  their  supporting  staff  has  an  active 
research  program  looking  for  improved,  new  biochemical  markers  that  correlate 
with  the  clinical  course  of  cancer  in  man.   The  research  has  concerned 
oncodevelopmental  gene  expression  in  cultured  human  tumor  cells  and  in  tumor 
patient  fluids.   There  have  been  similar  efforts  with  regard  to  DNA-binding 
serum  proteins,  ectopic  hormones,  isoenzymes  and  degradation  products  from 
plasminogen  activation.   The  investigative  program  is  supported  by  a  protein 
chemistry  group,  a  radioimmunoassay  group  and  a  patient  specimen  repository. 
A  fourth  section  is  the  cancer  pharmacology  section  which  serves  DCT  as  a 
facility  to  solve  special  problems  in  drug  analysis  and  metabolism. 

Chemotherapy  Fermentation  Laboratory  (CFL) 

The  Division  of  Cancer  Treatment  supports  a  fermentation  pilot  plant  facility 
at  the  Frederick  Cancer  Research  Center  for  the  large-scale  production  and 
isolation  of  microbial  products  of  interest  to  the  program.   Facilities  are 
also  available  for  the  production  of  other  natural  products.   This  year  kilo- 
gram quantities  of  daunomycin  were  produced  in  addition  to  interferon  for 
amino  acid  sequencing  studies  by  Dr.  Chris  Anfinsen  of  the  NIAMDD.   Fermen- 
tation and  development  is  underway  to  increase  yields  of  largomycin  FII  and 
daunomycin.   These  materials  will  be  produced  in  larger  quantities  if  needed. 
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LITTON  BIONETICS,  INC.   (N01-C07-5380)  (CONTINUED) 

One  novel  antineoplastic  agent  has  come  from  the  research  effort  and  large 
amounts  of  material  will  be  produced  for  NCI  evaluation. 

In  addition  to  the  effort  at  the  BMP  and  CFL,  the  Division  participates  in 
the  operation  of  the  Animal  Farm  and  environmental  control  aspects  of  the 
program  at  the  Frederick  Cancer  Research  Center. 

"MARIO  NEGRI"  INSTITUTE  OF  PHARMACOLOGICAL  RESEARCH   (N01-CP8-5604) 

This  is  a  preclinical  contract  testing  agents  for  anti-anorectic  activity  in 
an  animal  tumor  model.   Weekly  positive  results  were  oboserved  with  cypro- 
heptidine  but  many  other  agents  have  given  negative  results. 

MARSHALL  RESEARCH  ANIMALS,  INC.   (N01-CM6-0123) 

This  contract  provides  250  beagle  hounds  for  toxicologic  assays.   These 
animals  are  raised  under  controlled  conditions  in  accordance  with  the 
specifications  delineated  in  the  contract.   Breeding  animals  are  supplied 
by  the  Contractor. 

MARYLAND,  UNIVERSITY  OF   (NG1-CM4-3748) 

Under  this  service  contract,  the  University  of  Maryland  at  Baltimore  provides 
suitable  facilities,  administrative  support,  ancillary  support  services  and 
personnel  for  the  clinical  and  basic  research  programs  of  the  BCRP.   These 
activities  include  the  Inpatient  operation.  Outpatient  Department,  Cell 
Component  Therapy,  Clinical  Research  Pharmacy,  Microbiology,  Laboratory  of 
Clinical  Biochemistry  and  the  Laboratory  of  Molecular  Biology. 

MARYLAND,  UNIVERSITY  OF   (N01-CM8-7223) 

A  member  of  the  Head  and  Neck  Contracts  Program:   A  collaborative  group  of 
six  (6)  institutions  and  two  (2)  cooperative  oncology  groups  to  investigate 
the  effects  of  adjuvant  chemotherapy  in  the  treatment  of  advanced,  resectable 
squamous  carcinoma  of  the  head  and  neck.   The  contract  study  is  a  prospective, 
randomized  comparison  of  a  standard  treatment  regimen  consisting  of  surgery 
and  postoperative  radiotherapy  with  a  regimen  consisting  of  induction 
chemotherapy  followed  by  the  standard  regimen,  and  with  induction  chemotherapy 
followed  by  the  standard  regimen  with  the  addition  of  a  six  (6)  month  course 
of  maintenance  chemotherapy.   The  induction  chemotherapy  consists  of  cis- 
Platinum  and  Bleomycin.   Cis-Platinum  alone  is  utilized  as  the  maintenance 
chemotherapy.   Two  hundred  and  three  (203)  patients  have  been  randomized  to 
the  study  during  the  first  17  months  since  its  activation. 
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MASON  RESEARCH  INSTITUTE   (N01-CM5-7030) 

The  purpose  of  this  contract  is  to  develop  new  in  vivo  tumor  systems  with 
predictive  value  in  selecting  drugs  which  will  be  active  against  human  solid 
tumors,  and  to  utilize  such  systems  on  a  selective  basis  to  elucidate  the 
anti-spectrum  of  activity  of  drugs  with  known  pharmacological,  biochemical, 
or  physiological  (e.g.,  hormonal)  action.   In  addition,  the  contract  is  to 
utilize  the  subrenal  capsule  method  to  evaluate  drug  activity  against  human 
tumor  xenografts.   The  method  which  markedly  increases  the  cost  and  time 
efficiency  of  xenograft  screening  was  developed  under  this  contract. 


MASON  RESEARCH  INSTITUTE   (N01-CM6-7011) 

This  contract  supports  the  Clinical  Oncology  Program  of  the  Division  of 
Cancer  Treatment  with  computer  programming  expertise  for  the  development  of 
clinical  information  systems  and  with  data  technician  services  for  the 
maintenance  and  utilization  of  these  systems.   A  wide  variety  of  systems 
have  been  developed  and  are  maintained  for  the  Clinical  Branches  of  the 
Division  of  Cancer  Treatment. 


MASON  RESEARCH  INSTITUTE   (N01-CM8-7164) 

This  contract  has  as  its  major  goal  the  maintenance  of  approximately  20,000 
frozen  tumor  vials.   This  Contractor  furnishes  the  needed  tumors  to  the 
various  DTP  screening  laboratories,  as  well  as  to  other  research  institutions, 
both  domestic  and  foreign.   The  tumors  are  supplied  both  in  vivo  and  in  vitro. 


MASON  RESEARCH  INSTITUTE   (N01-CM9-7317) 


Employing  the  P388  in  vivo  tumor  system,  synthetics  and  materials  of  natural 
product  origin  are  assayed  for  efficacy.   Materials,  which  are  assigned  to 
the  tumor  panel,  are  tested  in  the  B16  melanoma,  the  Colon  38,  Lewis  lung, 
L1210  murine  tumor  systems  and  the  Colon,  Lung  and  Mammary  human  xenograft 
systems.   Methodology  research  is  conducted  at  the  request  of  the  Project 
Officer. 


MASSACHUSETTS  GENERAL  HOSPITAL   (N01-CP8-5657) 

This  is  one  of  10  contracts  on  the  subject  of  nutritional  assessment  which 
is   funded  by  the  Diet,  Nutrition,  and  Cancer  Program,  OD,  and  administered 
by  DCT.   This  Contractor  is  studying  lipid  mobilization  and  the  response  to 
fasting  in  cancer  patients. 


119 


MATHTECH,  INC.   (N01-CM9-7195) 

The  objective  of  this  contract  is  to  provide  a  clinical  trials  monitoring 
service  for  clinical  trials  conducted  by  the  Phase  I  and  II  Working  Group. 
This  service  has  two  components:   (a)  to  provide  a  central  data  management 
resource  for  both  the  Investigational  Drug  Branch  (IDB)  and  for  the  clinical 
investigators  conducting  these  studies;  and  (b)  to  provide  a  monitoring 
resource  to  meet  the  Food  and  Drug  Administration  (FDA)  regulatory  require- 
ments and  to  complement  the  data  management  objectives. 

MAYO  FOUNDATION   (N01-CM4-3783) 

This  contract  is  designed  to  explore  in  prospective  randomized,  controlled 
protocol  studies  (1)  the  value  of  adjuvant  chemotherapy  following  a  curative 
gastric  resection,  and  (2)  phase  III  evaluation  of  single  agent  and  combina- 
tion chemotherapy  regimens  in  advanced  disease,  (3)  phase  II  evaluation  of 
single  agent  chemotherapy  in  previously  treated  patients. 


MAYO  FOUNDATION   (N01-CM4-3796) 

This  contract  is  designed  to  evaluate  a  combined  modality  protocol  employing 
radiotherapy  and  chemotherapy  in  the  treatment  of  locally  unresectable 
carcinoma  of  the  pancreas.   In  addition,  an  ongoing  evaluation  of  single- 
agent  and  combination  chemotherapy  is  currently  underway  with  the  G.I.  Tumor 
Study  Group.   The  institution  also  participates  in  the  protocol  testing  radio- 
chemotherapy  as  an  adjuvant  to  surgically  curable  pancreatic  cancer. 


MAYO  FOUNDATION   (N01-CM5-7033) 

This  contract  is  designed  to  support  prospective  randomized,  controlled 
protocol  studies  using  combined  modalities  in  the  surgical  adjuvant  treatment 
of  colon  and  rectal  carcinoma. 


MAYO  FOUNDATION   (N01-CM5-7044) 

This  contract  is  designed  to  support  phase  II/IIl  studies  in  solid  tumors, 
by  means  of  prospective  randomized,  controlled  clinical  trials  involving  the 
use  of  combined  modalities.   A  minimum  of  400  patients  per  year  are  treated. 
Major  disease  areas  in  this  contract  include  lung  cancer,  breast  cancer, 
sarcoma,  melanoma  and  gynecologic  tumors. 
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MAYO  FOUNDATION   (N01-CM6-7123) 

This  contract  provides  collaboration  in  a  group  whose  main  thrust  is  to  study 
various  post-surgical  adjuvants  in  early  epithelial  tumors  of  the  ovary. 
A  joint  prototol  for  good  risk  Stage  I  (i.e.,  FIGO  Stage  lAi  and  IBi) 
compares  observation  to  L-PAM  post-operatively.   A  secondary  study  involves 
a  histo-pathologic  study  of  the  incidence  of  unsuspected  pelvic  and/or 
paraortic  node  metastases  in  this  patient  population.   A  further  joint 
protocol  for  other  early  disease  (i.e.,  FIGO  Stage  lAii,  IBii,  IC,  and  II) 
separates  patients  according  to  presence  or  absence  of  macroscopic  residual 
disease  post-operatively.   Patients  with  macroscopic  residual  disease  are 
randomized  to  L-PAM  versus  L-PAM  +  pelvic  radiotherapy.   Patients  with 
macroscopic  residual  disease  are  randomized  to  L-PAM  versus  intraperitoneal 
instillation  of  15  mc  of  radioactive  chromic  phosphate. 


MAYO  FOUNDATION   (N01-CM7-7150) 


A  member  of  the  Lung  Cancer  Study  Group:   A  collaborative  group  of  six  (6) 
institutions  which  are  studying  early  non-oat  cell  lung  cancer  in  three  (3) 
protocols.   Resectable  Stage  I  tumors  are  randomized  (double  blind  trial) 
to  intrapleural  BCG  +  INH  x  12  weeks  versus  placebo  intrapleural  BCG  + 
placebo  INH  x  12  weeks.   Resectable  Stage  II  and  III  epidermoid  carcinoma  is 
randomized  to  observation  versus  radiation  to  tumor  bed  and  mediastinum 
versus  radiation  as  above  +  levamisole.   Stage  II  and  III  adenocarcinoma  and 
large  cell  carcinoma  are  randomized  to  a  three  drug  combination  of  Cytoxan, 
adriamycin,  and  cis-platinum  versus  intrapleural  BCG  +  levamisole.   An 
attempt  will  be  made  to  correlate  disease  course  with  certain  immune 
parameters  before,  during  and  after  surgery.   A  new  protocol  has  been 
recently  developed  comparing  chemotherapy  vs.  radiotherapy  vs.  chemotherapy 
plus  radiotherapy  in  patients  with  partially  resected  locally  advanced  non- 
small  cell  carcinoma  of  the  lung. 


MAYO  FOUNDATION   (N01-CM9-7268) 

This  contract  calls  for  the  phase  II  evaluation  of  therapies  in  advanced 
gastric  and  pancreatic  cancer.   More  than  150  patients  have  been  entered  in 
the  last  year,  including  efforts  in  immunotherapy  and  nutritional  programs. 


MAYO  FOUNDATION   (N01-CM9-7273) 

This  contract  is  designed  to  conduct  phase  I  and  phase  II  studies  with  new 
anticancer  drugs  sponsored  by  the  Division  of  Cancer  Treatment.   The  phase  II 
studies  will  be  conducted  in  the  DCT  panel  tumors:   acute  leukemia,  Ijmiphoma, 
melanoma,  and  carcinoma  of  lung,  breast,  and  colon. 
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MEDICAL  RESEARCH  COUNCIL   (N01-CM8-7171) 

The  purpose  of  this  contract  is  to  investigate  several  aspects  of  the 
pharmacologic,  toxicologic  and  therapeutic  properties  of  liposome-encapsulated 
antitumor  agents.   The  agents  under  study  are  melphalan,  vincristine  and 
platinum-based  drugs.   Studies  in  progress  are  directed  toward  developing 
techniques  for  the  production  of  liposomes  homogeneous  with  regard  to  size 
and  composition,  and  to  assess  chemical  stability  under  various  conditions  of 
storage.   Initial  studies  have  been  conducted  on  the  permeability  of 
liposomes  to  small  molecular  weight  substances  in  aqueous  media  as  well  as  in 
biological  fluids  such  as  serum  and  whole  blood;  the  efflux  rate  of  entrapped 
substances  as  a  function  of  liposome  composition  is  also  being  evaluated. 
In  vitro  studies  are  in  progress  on  the  effects  of  chemical  composition, 
surface  charge  and  particle  size  of  liposomes  on  their  affinity  for,  uptake 
by,  and  interaction  with,  normal  and  tumor  cells.   Comparative  studies  on 
the  physiologic  disposition  of  free  and  encapsulated  antitumor  agents  in 
normal  and  tumor-bearing  animals  will  be  performed,  in  parallel  with  an 
evaluation  of  the  effect  of  variations  in  the  chemical  composition,  surface 
charge  and  particle  size  of  liposomes  on  their  in  vivo  distribution.   Dose- 
response  relationships  for  each  liposome-encapsulated  antitumor  agent  as 
well  as  the  optimal  route  of  administration  (ip,  iv  or  im)  and  dosage 
schedule  will  be  established.   The  acute  toxicity  of  the  liposome-encapsulated 
antitumor  agents  will  be  assessed  and  compared  with  that  of  the  free  drug  in 
normal  and  tumor-bearing  animals.   This  contract  will  terminate  in 
December  1980. 


MEMORIAL  HOSPITAL  FOR  CANCER  AND  ALLIED  DISEASES   (N01-CM5-7019) 

The  clinical  data  from  patients  with  intracranial  malignancy  provided  under 
this  contract  are  used  to  evaluate  the  efficacy  of  therapy  in  both  phase  II 
and  phase  III  clinical  trials.   Multimodality  therapy  including  surgery, 
radiation  therapy,  chemotherapy,  and  various  sequences  and  combinations 
thereof,  are  used  according  to  a  commonly  agreed  upon  protocol  in  patients 
who  harbor  histopathologically  diagnosed  brain  tumors.   Single  modality 
therapy  is  first  demonstrated  to  have  efficacy  and  then  forward  into  combined 
modality  treatment  protocols.   New  chemotherapeutic  agents,  as  they  are 
developed  and  brought  to  clinical  trial,  are  also  being  tested  in  controlled 
phase  II  trials  in  order  to  provide  a  more  rational  selection  of  chemo- 
therapeutic agents  for  further  phase  III  studies  of  brain  tumor  patients. 
The  acquisition  of  a  significant  number  of  patients  into  these  prospective, 
controlled,  randomized  studies  permits  a  comparative  analysis  of  the  clinical 
course  of  the  patients,  the  toxicity  of  the  various  therapeutic  modalities 
utilized  as  well  as  insight  into  the  biologic  characteristics  of  the  disease 
entity  being  investigated. 
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MEMORIAL  HOSPITAL  FOR  CANCER  AND  ALLIED  DISEASES   (N01-CM5-7043) 

This  contract  is  for  phase  II/III  studies  to  detect  useful  therapeutic  effects 
of  new  drugs  alone  and  in  various  combinations  in  various  solid  tumors.   This 
contract  has  completed  54  months  of  a  5-year  contract.   During  the  period 
1977-1980,  a  total  of  1,159  patients  have  been  entered  into  phase  II  trials, 
and  1,590  patients  into  phase  III  trials  for  a  total  of  2,749  entries. 
Between  2/1/79  and  1/31/80,  233  patients  were  entered  into  poly-drug  studies. 
The  results  of  these  studies  are  reported  in  56  papers  and  19  abstracts. 

This  group  has  made  significant  contributions  and  has  more  than  complied  with 
the  terms  of  the  contract.   Some  major  contributions  include  studies 
involving:   head  and  neck  cancer,  bladder  cancer,  testicular  cancer;  phase  II 
studies  of  high-dose  platinum,  pyrazofurin,  neocarzinostatin  in  bladder, 
prostate  and  hepatoma;  high-dose  vs  low-dose  DDP  in  breast;  DCNU,  DDP  +  DVA 
in  lung,  and  the  Interactive  MUMPS-Based  Data  System  for  Clinical  Oncology 
to  monitor  and  analyze  chemotherapeutic  and  multidisciplinary  treatment 
protocols  for  patients  with  advanced  cancer. 

New  studies  to  be  submitted  or  approved  include:   1)  VAB  VI  -  germ  cell  tumors; 

2)  CAP  vs  sequential  chemotherapy  in  ovarian  cancer;  3)  cis-platinum  + 

vindesine  +  bleomycin  in  esophageal  carcinoma;  4)  cis-platinum  +  bleomycin 

in  the  treatment  of  advanced  cancer  of  the  cervix;  5)  vindesine,  cis-platinum, 

and  bleomycin  vs  methyl-G  in  advanced  non-small  cell  lung  cancer;  and 

6)  intensive  combination  chemotherapy  and  autologous  stem  cell  transplantation 

for  the  treatment  of  small  cell  carcinoma  of  the  lung  in  first  relapse. 


MEMORIAL  HOSPITAL  FOR  CANCER  AND  ALLIED  DISEASES   (N01-CM8-7224) 

A  member  of  the  Head  and  Neck  Contracts  Program:   A  collaborative  group  of 
six  (6)  institutions  and  two  (2)  cooperative  oncology  groups  to  investigate 
the  effects  of  adjuvant  chemotherapy  in  the  treatment  of  advanced,  resectable 
squamous  carcinoma  of  the  head  and  neck.   The  contract  study  is  a  prospective, 
randomized  comparison  of  a  standard  treatment  regimen  consisting  of  surgery 
and  postoperative  radiotherapy  with  a  regimen  consisting  of  induction  chemo- 
therapy followed  by  the  standard  regimen,  and  with  induction  chemotherapy 
followed  by  the  standard  regimen  with  the  addition  of  a  six  (6)  month  course 
of  maintenance  chemotherapy.   The  induction  chemotherapy  consists  of  cis- 
platinum  and  bleomycin.   Cis-platinum  alone  is  utilized  as  the  maintenance 
chemotherapy.   Two  hundred  and  three  (203)  patients  have  been  randomized  to 
the  study  during  the  first  17  months  since  its  activation 


MEMORIAL  HOSPITAL  FOR  CANCER  AND  ALLIED  DISEASES   (N01-CM9-7274) 

This  contract  is  designed  to  conduct  phase  I  and  phase  II  studies  with  new 
anticancer  drugs  sponsored  by  the  Division  of  Cancer  Treatment.   The  phase  II 
studies  will  be  conducted  in  the  DCT  panel  tumors:   acute  leukemia,  lymphoma, 
melanoma,  and  carcinoma  of  lung,  breast,  and  colon. 
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MIAMI,  UNIVERSITY  OF   (N01-CM4-3800) 

This  contract  is  designed  to  evaluate  a  combined  modality  protocol  employing 
radiotherapy  and  chemotherapy  in  the  treatment  of  locally  unresectable 
carcinoma  of  the  pancreas.   In  addition,  this  Contractor  contributes  to  the 
GITSG  phase  II  evaluation  of  new  agents  in  advanced  pancreatic  cancer  and  to 
the  adjuvant  protocol  of  locally  curable  pancreatic  cancer. 


MIAMI,  UNIVERSITY  OF   (N01-CM6-7093) 

This  contract  is  designed  to  support  prospective  randomized,  controlled 
protocol  studies  using  combined  modalities  in  the  surgical  adjuvant  treatment 
of  colon  and  rectal  carcinoma. 


MIAMI,  UNIVERSITY  OF   (N01-CM9-729Q) 

Crude  natural  product  extracts,  fractions  of  confirmed  natural  products,  and 
synthetic  materials  submitted  in  too  small  a  quantity  for  ^^  vivo  testing  are 
routinely  tested  in  the  9KB  ±a   vitro  tumor  system.   Confirmed  in  vivo  natural 
products,  if  not  cytotoxic  in  the  9KB  system,  are  tested  in  the  9PS  and/or 
9LE  ^Ji  vitro  tumor  system.   These  assays  are  conducted  in  accordance  with  the 
appropriate  Drug  Evaluation  Branch  protocols  at  a  level  of  15,000  9KB  test 
equivalents  per  year.   Currently,  at  the  request  of  the  Project  Officer,  the 
evaluation  of  new  in  vitro  assays  is  being  conducted. 


MICHIGAN,  UNIVERSITY  OF   (N01-CM8-7225) 


A  member  of  the  Head  and  Neck  Contracts  Program:   A  collaborative  group  of 
six  (6)  institutions  and  two  (2)  cooperative  oncology  groups  to  investigate 
the  effects  of  adjuvant  chemotherapy  in  the  treatment  of  advanced,  resectable 
squamous  carcinoma  of  the  head  and  neck.   The  contract  study  is  a  prospective, 
randomized  comparison  of  a  standard  treatment  regimen  consisting  of  surgery 
and  postoperative  radiotherapy  with  a  regimen  consisting  of  induction 
chemotherapy  followed  by  the  standard  regimen,  and  with  induction  chemo- 
therapy followed  by  the  standard  regimen  with  the  addition  of  a  six  (6)  month 
course  of  maintenance   chemotherapy.   The  induction  chemotherapy  consists  of 
Cis-platinum  and  bleomycin.   Cis-platinum  alone  is  utilized  as  the  maintenance 
chemotherapy.   Two  hundred  and  three  (203)  patients  have  been  randomized  to 
the  study  during  the  first  17  months  since  its  activation. 
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MICHIGAN  DEPARTMENT  OF  PUBLIC  HEALTH   (N01-CM3-3702) 

This  contract  provides  assay  services,  utilizing  a  variety  of  cell  culture 
methods,  as  aids  in  the  purification  of  potential  antitumor  agents  from 
fermentation  broths.   The  methods  employed  include  paper  chromatography  and 
paper  electrophoresis  in  conjunction  with  cell  culture  agar  diffusion 
bioautography,  as  well  as  growth  inhibition  assays,  both  in  stationary  and 
suspension  cultures.   The  related  fermentation  and  isolation  program  services 
by  this  assay  contract  are  financed  by  the  Michigan  Department  of  Public 
Health.   This  contract  will  be  phased  out  during  FY' 80. 


MICROBIAL  CHEMISTRY  RESEARCH  FOUNDATION   (N01-CM5-7Q09) 

The  major  objective  of  this  contract  is  the  preparation  of  fermentations  of 
marine,  psychophilic  and  thermophilic  organisms.   These  fermentations  are 
screened  against  various  enzyme  and  other  biochemical  screens.   Active 
products  are  isolated  in  sufficient  quantities  to  be  evaluated  at  the 
National  Cancer  Institute,   In  addition,  various  immunogen  tests  have  been 
developed  to  evaluate  the  organisms  and  their  metabolites  as  potential 
immunological  stimulators  specific  for  cancers. 


MICROBIOLOGICAL  ASSOCIATES,  INC.   (N01-CM6-3810) 

This  contract  resource  assists  in  the  measurement  of  leukocyte  compatibility 
in  clinical  transfusions  of  leukopenic  patients.   The  Contractor  performs 
several  leukoagglutinin  assays  and  lymphocyte  cross-match  studies  in  order  to 
insure  safe  and  reliable  blood  component  transfusions.   These  tests  are  used 
in  the  daily  management  of  the  NCI  leukopheresis  program.   In  addition, 
the  Contractor  operates  a  computerized  serum  storage  bank  for  all  patients 
at  the  NCI  which  has  accessioned  over  20,000  samples. 

MICROBIOLOGICAL  ASSOCIATES,  INC.   (N01-CM9-7246) 

This  rodent  production  center  supplies  inbred  rodents  for  tumor  trans- 
plantation, for  hybrid  production,  and  for  compound  evaluation  studies. 
Animals  are  supplied  from  a  colony  of  four  strains  of  rodents. 

MICROBIOLOGICAL  ASSOCIATES,  INC.   (N01-CM9-7287) 

This  contract  has  as  its  major  purpose  serological  diagnosis  for  the  presence 
or  absence  of  infectious  mouse  ectromelia,  LCM,  polyoma,  M.  hepatitis, 
M.  adenovirus,  PVM,  Sendai,  Theiler's  (GDVII) ,  K,  Rheo  3,  Toolan's  H-1,  and 
the  Rauscher  and  Maloney  viruses.   The  Contractor  also  carries  out  ancillary 
research  concerned  with  the  effects  of  viruses,  such  as  vaccinia  and  polyoma, 
on  the  growth  of  tumors;  interaction  of  polyoma  virus  with  tumors;  antibody- 
producing  capacity  of  tumor-bearing  mice  and  the  effect  of  the  route  of 
injection  on  antibody  levels;  and  a  comparison  of  the  sensitivity  of 
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MICROBIOLOGICAL  ASSOCIATES.  INC.   (N01-CM9-7287)  (CONTINUED) 

Caesarian-derived  and  other  mice  to  polyoma  virus.   This  activity  furnishes 
information  on  the  effects  of  "passenger"  agents  on  the  growth  of  tumors  used 
in  the  screen  and  on  their  effects  on  drug  action.   During  a  contract  period 
of  one  year,  this  laboratory  performs  approximately  68,400  rodent  serum  and 
12,000  tumor  fragment  diagnostic  tests.   The  Contractor  also  prepares  large 
quantities  of  vaccinia  virus  used  for  immunizing  mice  against  infectious 
ectromelia. 


MID-AMERICA  CANCER  CENTER   (NOl-CMO-7353) 

The  newly  initiated  Quick  Reaction  Work  Order  Contract  mechanism  provides  for 
the  synthesis  of  a  variety  of  organic  and/or  inorganic  compounds  which  have 
been  identified  by  Program  as  meriting  development.   The  Quick  Reaction  Work 
Order  contracts  provide  the  capability  to  pursue  leads,  uncovered  by  biologi- 
cal testing,  by  means  of  the  resynthesis  of  known  compounds  in  quantities 
sufficient  for  confirmatory  testing.   Another  objective  is  the  synthesis  of 
a  selected  number  of  novel  analogs  for  structure-activity  optimization 
studies.   The  Task  Order  contract  makes  available  several  contractors  who 
have  the  chemical  synthetic  expertise  to  synthesize  the  variety  of  selected 
compounds.   The  mechanism  provides  the  capability  of  a  quick  response,  makes 
accessible  a  pool  of  contractors,  isolates  cost  for  each  task,  provides 
flexibility  for  funds,  and  avoids  prolonged  contract  competitions  once  the 
master  contracts  are  awarded. 


MIDWEST  RESEARCH  INSTITUTE   (N01-CM8-7234) 

Chemical  analyses  of  bulk  chemicals  and  their  clinical  formulations  are  con- 
ducted at  SRI  International  (N01-CM8-7183)  as  well  as  at  Midwest  Research 
Institute.   The  Contractor  determines  the  identity  of  the  compounds  by  con- 
firming their  structural  validity  and  assays  the  compounds  as  to  the  percent 
of  desired  compound  and  the  amounts  of  minor  or  trace  impurities  including 
the  presence  of  water  or  occluded  solvents.   The  Contractor  determines  the 
solubility,  stability  and  other  physical-chemical  properties  which  provide 
information  as  a  guidance  to  the  effective  use,  formulation  and  storage  of 
the  materials.   The  procedures  commonly  used  consist  of  elemental  analysis, 
chromatography  (paper,  thin  layer,  gas,  high-pressure  liquid),  spectrometry 
(mass,  nuclear,  photo)  and  other  physical-chemical  determinations  appropriate 
to  the  situation.   The  reports  submitted  provide  quality  assurance  for  the 
release  of  materials  for  investigational  use  and  necessary  analytical  data 
for  the  National  Cancer  Institute's  filings  with  the  Food  and  Drug 
Administration. 
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MILES  LABORATORY,  INC.   (N01-CM4-3709) 

This  is  a  no-cost  contract  concerned  with  the  marketing  of  a  clinically 
useful  drug,  DTIC.   The  Contractor  summarized  the  clinical  and  other  data, 
prepared  and  filed  the  New  Drug  Application  (NDA)  with  the  Food  and  Drug 
Administration,  and  prosecuted  the  NDA.   The  NDA  has  been  approved,  and  the 
drug  is  currently  on  the  market  in  the  United  States  and  in  several  other 
countries.   This  contract  will  continue  for  five  years  from  the  NDA  approval. 


MILES  LABORATORY,  INC.   (N01-CM9-7172) 

This  is  a  no-cost  contract  concerned  with  the  joint  development  of  the  anti- 
tumor agent,  Chlorozotocin.   Under  this  agreement,  the  Contractor  supplies 
the  drug  and  provides  other  services  to  the  NCI  (at  its  own  expense)  in 
support  of  NCI-sponsored  clinical  studies.   If  warranted  by  future  results, 
the  Contractor  will  prepare  and  submit  a  New  Drug  Application  (NDA)  to  the 
Food  and  Drug  Administration  and  will  eventually  market  the  drug  commercially 
in  the  United  States. 


MISSOURI,  UNIVERSITY  OF   (N01-CM8-7157) 

This  contract  will  provide  for  a  complete  pathological,  parasitical,  and 
microbiological  work-up  of  breeding  stock  primarily  sent  from  the  barrier 
room  expansion  colonies  and  the  nude  mouse  production  colonies. 


MISSOURI.  UNIVERSITY  OF   (N01-CM9-7211) 

This  contract  monitors  the  animal  production  contracts  by  testing  for  the 
presence  or  absence  of  Salmonella  and  Pseudomonas.   Samples  are  received  on 
a  scheduled  basis  from  the  animal  producers  and  approximately  18,000  fecal 
samples  are  tested  per  year. 


MONSANTO  RESEARCH  CORPORATION   (N01-CM9-7255) 

This  service  preparative  contract  provides  for  the  large-scale  synthesis  of 
compounds  required  for  preclinical  and  clinical  studies.   The  compounds 
prepared  are  not  readily  available  on  the  open  market  or  from  the  original 
supplier  in  the  amounts  required.   The  major  effort  of  this  contract  is 
devoted  to  the  preparation  of  large  quantities  of  materials,  in  the  multi- 
kilogram  range,  requiring  pilot  plant  facilities. 


127 


MONTEFIORE  HOSPITAL   (N01-CM6-7061) 

The  clinical  data  from  patients  with  intracranial  malignancy  provided  under 
this  contract  are  used  to  evaluate  the  efficacy  of  therapy  in  both  phase  II 
and  phase  III  clinical  trials.   Multimodality  therapy  including  surgery, 
radiation  therapy,  chemotherapy,  and  various  sequences  and  combinations 
thereof,  are  used  according  to  a  commonly  agreed  upon  protocol  in  patients 
who  harbor  histopathologically  diagnosed  brain  tumors.   Single  modality 
therapy  is  first  demonstrated  to  have  efficacy  and  then  forward  into  com- 
bined modality  treatment  protocols.   New  chemotherapeutic  agents,  as  they 
are  developed  and  brought  to  clinical  trial,  are  also  being  tested  in  con- 
trolled phase  II  trials  in  order  to  provide  a  more  rational  selection  of 
chemotherapeutic  agents  for  further  phase  III  studies  of  brain  tumor 
patients.   The  acquisition  of  a  significant  number  of  patients  into  these 
prospective,  controlled,  randomized  studies  permits  a  comparative  analysis 
of  the  clinical  course  of  the  patients,  the  toxicity  of  the  various  thera- 
peutic modalities  utilized  as  well  as  insight  into  the  biologic  character- 
istics of  the  disease  entity  being  investigated. 


MOUNT  SINAI  SCHOOL  OF  MEDICINE   (N01-CM5-3841) 

This  contract  is  designed  to  explore  in  prospective  randomized,  controlled 
protocol  studies  (1)  the  value  of  adjuvant  chemotherapy  following  a  curative 
gastric  resection  and  (2)  phase  III  evaluation  of  single  agent  and  combin- 
ation chemotherapy  regimens  in  advanced  disease.   In  addition,  the 
Contractor  performs  phase  II  evaluation  of  single  agents  in  patients  with 
advanced  disease  who  have  been  previously  treated. 


MOUNT  SINAI  SCHOOL  OF  MEDICINE   (NOl  CM6-7096) 

This  contract  is  designed  to  support  prospective  randomized,  controlled 
protocol  studies  using  combined  modalities  in  the  surgical  adjuvant  treat- 
ment of  colon  and  rectal  carcinoma. 


MOUNT  SINAI  SCHOOL  OF  MEDICINE   (N01-CM8-7197) 

The  purpose  of  this  contract  is  to  develop  and  validate  a  predictive 
mathematical  model  relating  dose-schedule  of  cytotoxic  agents  to  the  growth 
curves  of  individual  tumors.   The  generalized  Gompertzian  model  investigated 
is  of  a  phenomenological  nature  in  that  the  response  is  represented  solely 
as  a  function  of  measurable  inputs  (dose-schedules) .   Therapeutic  experi- 
ments in  several  experimental  mouse  tumor  systems  are  conducted  to  guide 
the  development  and  testing  of  the  model.   The  results  are  applied  to: 
a)  characterizing  and  classifying  the  growth  curve  modifying  effects  of  a 
variety  of  drugs  in  several  experimental  tumor  systems;  b)  predicting 
effective  dose  schedules  of  single  agents;  c)  predicting  what  agents  to 
combine  and  predicting  effective  dose  schedules;  d)  predicting  how  to 
sequence  combinations;  e)  developing  an  improved  experimental  design  and 
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MOUNT  SINAI  SCHOOL  OF  MEDICINE   (N01-CM8-7197)   (CONTINUED) 

method  of  analysis  for  drug  screening  experiments;  and  f)  characterizing  the 
growth  modifying  effects  (if  any)  of  multiple  tumor  foci.   This  contract 
terminated  in  May,  1980. 

MOUNT  SINAI  SCHOOL  OF  MEDICINE   (N01-CM9-7275) 


This  contract  is  designed  to  conduct  phase  I  clinical  studies  with  new  anti- 
cancer drugs  sponsored  by  the  Division  of  Cancer  Treatment  or  to  conduct 
phase  I  clinical  studies  with  new  combinations  or  regimens  mutually  agreed 
upon. 


MOUNT  SINAI  SCHOOL  OF  MEDICINE   (N01-CM9-7294) 

The  purpose  of  this  contract  is  to  provide  in-depth  clinical  pharmacology 
studies  on  agents  undergoing  phase  1  or  phase  II  clinical  evaluation. 
These  studies  will  provide  analytic  methods  and  in-depth  evaluation  of  the 
absorption,  distribution,  metabolism  and  excretion  characteristics  of  at 
least  two  drugs  per  year.   Three  compounds  were  considered  for  study  pending 
development  of  analytical  methodology:   Methyl-glyoxal  bis-guanylhydrazone 
(Methyl-GAG,  NSC-32946) ,  Dichloromethotrexate  (NSC-29630) ,  and  Dihydroxy- 
anthracenedione  (NSC-301739) .   Three  analytical  techniques  were  developed 
and  evaluated  for  Methyl-GAG  (HPLC;  Mass  Spectrometry;  UV-  Spectrophotometry 
based  on  a  pH-dependent  bathochromic  shift) .   The  HPLC  technique  using 
ethyl-glyoxal  bis-guanylhydrazone  as  an  internal  standard  was  superior  to 
the  other  two  techniques  in  terms  of  sensitivity,  reproducibility,  and 
accuracy  in  biologic  samples.   Using  0.2  ml  of  serum,  the  detection  limit 
is  10  ng/ml,  quantification  is  linear  to  100  ng/ml,  and  reproducibility  is 
better  than  5%  in  the  0.1  to  10  ug/ml  range.   A  decision  was  made  to  study 
Methyl-GAG  and  the  HPLC  analysis  of  patient  samples  is  presently  underway. 
Specific  attention  will  be  directed  toward  determining  if  there  is  a 
pharmacologic  basis  for  the  recent  reports  of  improved  therapeutic  activity 
with  revised  Methyl-GAG  scheduling.   A  radioimmunoassay  and  an  HPLC  assay 
were  developed  for  Dichloromethotrexate.   Dichloromethotrexate  is  a  strong 
candidate  for  study  during  the  next  year.   An  assay  technique  has  been 
developed  for  dlhydroxyanthracenedione,  however  a  decision  to  study  Dihydroxy- 
anthracenedione  will  depend  upon  the  progress  made  by  other  contractors. 


MURPHY  BREEDING  LABORATORIES,  INC.   (N01-CM5-0579) 

This  contract  furnishes  approximately  312,000  six-week  old  CD2F1  (BALB/c 
female  x  DBA/2  male)  hybrid  mice  for  compound  evaluation  studies.   Breeding 
animals  are  furnished  from  genetic  centers  and/or  rodent  production  centers. 
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NATIONAL  ACADEMY  OF  SCIENCES   (N01-CM5-3850) 

This  contract  Task  Order  serves  to  develop  standards  for  animal  care  and 
maintenance;  shipping  standards  for  the  various  species  of  laboratory  animals, 
standards  for  nomenclature  used  to  identify  stocks  and  strains  of  laboratory 
animals;  standards  for  methodology  in  maintaining  axenic  and  gnotobiotic 
animals;  standards  for  animal  maintenance  in  the  research  laboratory;  and 
laboratory  animal  procurement  standards.   These  standards  are  formulated  by 
ad  hoc  committees  whose  memberships  represent  commercial  animal  production 
colonies,  governmental  and  academic  institutions,  commercial  laboratories, 
and  non-profit  research  institutions. 


NATIONAL  ACADEMY  OF  SCIENCES   (N01-CM5-7013) 

This  contract  Task  Order  provides  for  conferences  on  diverse  subjects  that 
are  intimately  associated  with  the  field  of  biomedical  research.   The  agenda 
for  specific  meetings  may  be  concerned  with  a  common  problem,  or  to  develop 
the  basis  for  a  research  program  that  is  being  considered  by  a  segment  of 
the  scientific  community.   Conferences  in  the  past  have  been  held  on  research 
facilities;  diseases  of  laboratory  animals,  professional  training;  the 
provision  of  animals  for  biological  models  for  research;  gnotobiotic 
technology;  and  requirements  for  standards  in  specific  areas.   Speakers  are 
invited  to  present  their  thoughts  and  time  is  provided  for  open  forum 
discussions.   The  proceedings  of  these  conferences  are  published  and  made 
available  to  the  scientific  community. 


NATIONAL  CENTER  FOR  HEALTH  STATISTICS   (Y01-CM8-0109) 

The  objective  of  this  Intra-agency  Agreement  is  to  develop,  implement  and 
install  a  completely  operational,  functioning  and  computerized  expandable 
exportable  PROMTS  System  into  the  BCRP  clinical  cancer  treatment  research 
setting.   During  the  past  six  years,  BCRP  physicians  have  developed  "cancer 
displays"  which  they  now  plan  to  implement  at  the  BCRP  as  a  result  of  this 
contract.   The  first  central  processing  unit  has  been  installed  and  is 
currently  being  tested  per  phase  II  of  this  Agreement. 


NATIONAL  NAVAL  MEDICAL  CENTER   (YOl-CMO-0103) 

The  Clinical  Oncology  Program  is  supporting  several  clinical  initiatives  of 
the  National  Naval  Medical  Center  (NNMC)  through  an  Interagency  Agreement. 
Patients  are  entered  into  NNMC  studies  relative  to  melanoma,  carcinoma  of 
the  colon,  acute  leukemia,  lymphoma,  breast  cancer,  and  carcinoma  of  the 
kidney.   These  studies/projects  are  done  in  collaboration  with  the  staff  of 
the  COP. 
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NATIONAL  NAVAL  MEDICAL  CENTER   (Y01-CM5-0100) 

The  National  Naval  Medical  Center  has  participated  in  the  conduct  of 
collaborative  programs  for  clinical  investigations  through  an  Agreement 
with  the  National  Cancer  Institute.   They  have  accomplished  this  by: 
(1)  participation  as  an  affiliate  of  Johns  Hopkins  University  in  the 
chemotherapy,  immunotherapy,  radiotherapy,  surgery,  and  pathology 
activities  of  the  Eastern  Cooperative  Oncology  Group;  (2)  involvement  in 
joint  laboratory  studies  relative  to  the  detection  and  monitoring  of  breast 
carcinoma;  (3)  establishment   of  a  single  multidisciplinary  breast  cancer 
clinic;  and  (4)  publications  and  abstracts  related  to  the  contract.   This 
contract  has  also  contributed  to  interdisciplinary  efforts  in  testicular 
cancer;  and  all  eligible  patients  have  been  considered  for  ECOG  studies  as 
NNMC  became  a  satellite  of  the  NCI  membership  in  ECOG.   The  Principal 
Investigator  is  a  full  active  member  of  the  ECOG.   This  contract  was 
terminated  in  1979  and  the  National  Naval  Medical  Center  is  currently 
receiving  funding  through  the  NCI-VA  Branch  which  will  be  moving  to  the 
National  Naval  Medical  Center.. 


NEW  YORK  UNIVERSITY  MEDICAL  CENTER   (N01-CM6-7059) 

The  clinical  data  from  patients  with  intracranial  malignancy  provided  under 
this  contract  are  used  to  evaluate  the  efficacy  of  therapy  in  both  phase  II 
and  phase  III  clinical  trials.   Multimodality  therapy  including  surgery, 
radiation  therapy,  chemotherapy,  and  various  sequences  and  combinations 
thereof,  are  used  according  to  a  commonly  agreed  upon  protocol  in  patients 
who  harbor  histopathologically  diagnosed  brain  tumors.   Single  modality 
therapy  is  first  demonstrated  to  have  efficacy  and  then  forward  into  com- 
bined modality  treatment  protocols.   New  chemotherapeutic  agents,  as  they 
are  developed  and  brought  to  clinical  trial,  are  also  being  tested  in  con- 
trolled phase  II  trials  in  order  to  provide  a  more  rational  selection  of 
chemotherapeutic  agents  for  further  phase  III  studies  of  brain  tumor 
patients.   The  acquisition  of  a  significant  number  of  patients  into  these 
prospective,  controlled,  randomized  studies  permits  a  comparative  analysis 
of  the  clinical  course  of  the  patients,  the  toxicity  of  the  various 
therapeutic  modalities  utilized  as  well  as  insight  into  the  biologic 
characteristics  of  the  disease  entity  being  investigated. 


NEW  YORK  UNIVERSITY  MEDICAL  CENTER   (N01-CM9-7321) 

This  is  one  of  five  (5)  collaborating  institutions  evaluating  parenteral 
nutrition  as  an  adjunct  to  intensive  combination  chemotherapy  in  patients 
with  limited  or  extensive  small  cell  carcinoma  of  lung.   Patients  who  are 
randomized  to  the  nutrition  intervention  group  receive  graded  levels  of 
nutritional  support  based  on  their  nutritional  status. 
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NORTHERN  CALIFORNIA  CANCER  PROGRAM   (N01-CM8-7154) 

A  member  of  the  Head  and  Neck  Contracts  Program:   A  collaborative  group  of 
six  (6)  institutions  and  two  (2)  cooperative  oncology  groups  to  investigate 
the  effects  of  adjuvant  chemotherapy  in  the  treatment  of  advanced,  resectable 
squamous  carcinoma  of  the  head  and  neck.   The  contract  study  is  a  prospective, 
randomized  comparison  of  a  standard  treatment  regimen  consisting  of  surgery 
and  postoperative  radiotherapy  with  a  regimen  consiting  of  induction 
chemotherapy  followed  by  the  standard  regimen,  and  with  induction  chemo- 
therapy followed  by  the  standard  regimen  with  the  addition  of  a  six  (6) 
month  course  of  maintenance  chemotherapy.   The  induction  chemotherapy 
consists  of  cis-Platinum  and  Bleomycin.   Cis-Platinum  alone  is  utilized  as 
the  maintenance  chemotherapy.   Two  hundred  and  three  (203)  patients  have 
been  randomized  to  the  study  during  the  first  17  months  since  its  activation. 


NORTHRUP  SERVICES,  INC.   (NOl-CMO-7286) 

This  contract  has  as  its  major  purpose  serological  diagnosis  for  the  presence 
or  absence  of  murine  viruses.  During  a  contract  period  of  one  year,  approxi- 
mately 40,200  virus  serology  tests  are  performed. 


OHIO  STATE  UNIVERSITY  RESEARCH  FOUNDATION   (N01-CM6-7060) 

The  clinical  data  from  patients  with  intracranial  malignancy  provided  under 
this  contract  are  used  to  evaluate  the  efficacy  of  therapy  in  both  phase  II 
and  phase  III  clinical  trials.   Multimodality  therapy  including  surgery, 
radiation  therapy,  chemotherapy,  and  various  sequences  and  combinations 
thereof,  are  used  according  to  a  commonly  agreed  upon  protocol  in  patients 
who  harbor  histopathologically  diagnosed  brain  tumors.   Single  modality 
therapy  is  first  demonstrated  to  have  efficacy  and  then  forward  into  com- 
bined modality  treatment  protocols.   New  chemotherapeutic  agents,  as  they 
are  developed  and  brought  to  clinical  trial,  are  also  being  tested  in  con- 
trolled phase  II  trials  in  order  to  provide  a  more  rational  selection  of 
chemotherapeutic  agents  for  further  phase  III  studies  of  brain  tumor  patients. 
The  acquisition  of  a  significant  number  of  patients  into  these  prospective, 
controlled,  randomized  studies  permits  a  comparative  analysis  of  the 
clinical  course  of  the  patients,  the  toxicity  of  the  various  therapeutic 
modalities  utilized  as  well  as  insight  into  the  biologic  characteristics 
of  the  disease  entity  being  investigated. 
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OHIO  STATE  UNIVERSITY  RESEARCH  FOUNDATION   (N01-CM8-7161) 

The  purpose  of  this  contract  is  to  collect  pharmacokinetic  data  on  new  and 
established  antitumor  agents  in  patients  undergoing  treatment  for  malignant 
disease  and  to  analyze  these  data  for  individual  variability  which  can  be 
correlated  with  clinical  response  or  some  other  pharmacologic  parameter. 
The  pharmacokinetics  of  mAMSA  (NSC-249992)  was  studied  in  30  patients  at 
doses  ranging  from  30  to  200  mg/m'^;  19  of  the  30  patients  received  120  mg/m^, 
the  suggested  dose  for  phase  II  patients  with  solid  tumors.   The  Contractor 
developed  an  HPLC  assay  for  mAMSA,  using  oAMSA  as  an  internal  standard, 
that  has  a  sensitivity  in  plasma  to  5  yg/ml.   Graphic  analysis  of  patient 
mAMSA  plasma  concentration-time  data  indicated  three  exponential  (log-linear) 
phases,  characteristic  of  a  three  compartment  open  pharmacokinetic  model. 
The  data  were  analyzed  accordingly,  using  the  three  compartment  model. 
Because  of  the  projected  long-term  clinical  interest  in  mAMSA,  studies  were 
initiated  to  identify  metabolites  that  might  correlate  with  clinical 
response  or  toxicity.   To  date,  the  following  compounds  have  been  tenta- 
tively identified  in  patient  urine:   9-aminoacridine,  acridone,  2-hydroxy- 
acridone,  acridine  and  4-amino-N-methanesulfonanilide.   HPLC  assays  were 
developed  for  Dihydroxyanthracenedione  and  Aclacinomycin  A,  two  drugs  that 
will  be  studied  during  the  next  contract  year. 


OHIO  STATE  UNIVERSITY  RESEARCH  FOUNDATION   (N01-CM9-7264) 

The  purpose  of  this  contract  is  to  study  the  pharmacological  properties  of 
new  antitumor  agents.   Where  indicated,  pilot  studies  are  first  carried  out 
in  experimental  animals  (rats,  mice  or  dogs).   Information  is  then  obtained 
on  the  absorption,  plasma  clearance,  distribution,  plasma  protein  binding, 
metabolism,  and  urinary  and  biliary  excretion  of  such  agents  in  human 
subjects.   Comprehensive  pharmacokinetic  studies  with  potential  predictive 
value  are  stressed. 


ONTARIO  CANCER  INSTITUTE   (N01-CM7-7152) 

A  member  of  the  Lung  Cancer  Study  Group:   A  collaborative  group  of  six  (6) 
institutions  which  are  studying  early  non-oat  cell  lung  cancer  in  three  (3) 
protocols.   Resectable  Stage  I  tumors  are  randomized  (double  blind  trial) 
to  intrapleural  BCG  +  INH  x  12  weeks  versus  placebo  intrapleural  BCG  + 
placebo  INH  x  12  weeks.   Resectable  Stage  II  and  III  epidermoid  carcinoma 
is  randomized  to  observation  versus  radiation  to  tumor  bed  and  mediastinum 
versus  radiation  as  above  +  levamisole.   Stage  II  and  III  adenocarcinoma 
and  large  cell  carcinoma  are  randomized  to  a  three  drug  combination  of 
Cytoxan,  adriamycin,  and  cis-platinum  versus  intrapleural  BCG  +  levamisole. 
An  attempt  will  be  made  to  correlate  disease  course  with  certain  immune 
parameters  before,  during  and  after  surgery.   A  new  protocol  has  been 
recently  developed  comparing  chemotherapy  vs.  radiotherapy  vs.  chemotherapy 
plus  radiotherapy  in  patients  with  partially  resected  locally  advanced  non- 
small  cell  carcinoma  of  the  lung. 
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ONTARIO  CANCER  INSTITUTE   (N01-CM9-7267) 

This  is  one  of  five  (5)  collaborating  institutions  evaluating  parenteral 
nutrition  as  an  adjunct  to  intensive  combination  chemotherapy  in  patients 
with  limited  or  extensive  small  cell  carcinoma  of  lung.   Patients  who  are 
randomized  to  the  nutrition  intervention  group  receive  graded  levels  of 
nutritional  support  based  on  their  nutritional  status. 


PAPANICOLAOU  CANCER  RESEARCH  INSTITUTE   (N01-CM8-7230) 

This  contract  will  provide  for  a  complete  pathological,  parasitical,  and 
microbiological  work-up  of  breeding  stock  primarily  sent  from  the  barrier 
room  expansion  colonies  and  the  nude  mouse  production  colonies. 


PARKE,  DAVIS  &  COMPANY   (N01-CM7-7146) 


This  fermentation  contract  is  designed  primarily  to  obtain  novel  antitumor 
agents.   This  contract  includes:   1)  the  preparation  of  fermentation  beers 
from  various  microbes  isolated  from  unique  substrates  from  various  parts  of 
the  world  and  fermented  under  a  bevy  of  environmental  and  stress  situations; 
2)  an  ^^  vitro  tissue  culture  assay  laboratory  which  assists  in  pre-screenin^ 
fermentation  broths  for  cytotoxicity  and  is  used  to  help  assay  chemical 
fractions,  fermentation  improvement  samples  and  large  pilot  plant  lots  more 
quickly;  3)  a  small  biotransformation  program;  4)  the  isolation  work 
required  to  obtain  the  active  component  from  the  confirmed  active  beers; 
5)  the  production  of  large  quantities  of  antineoplastic  agents  approved  for 
clinical  trials;  and  6)  the  preparation  of  appropriate  dosage  forms  of  such 
agents. 


PENNSYLVANIA,  UNIVERSITY  OF   (N01-CP8-565A) 

This  is  one  of  10  contracts  on  the  subject  of  nutritional  assessment  which 
is  funded  by  the  Diet,  Nutrition,  and  Cancer  Program,  OD,  and  administered 
by  DCT.   This  Contractor  is  evaluating  whole  body  impedance  testing  as  a 
measure  of  body  water.   Body  water  is  proportionate  to  fat-free  body  mass. 


PENNSYLVANIA,  UNIVERSITY  OF   (N01-CP8-5658) 

This  is  one  of  10  contracts  on  the  subject  of  nutritional  assessment  which 
is  funded  by  the  Diet,  Nutrition,  and  Cancer  Program,  OD,  and  administered 
by  DCT.  This  contract  supports  studies  of  several  isotopes  as  measures  of 
body  compartments  in  cancer  patients  before  and  during  anticancer  treatment. 


134 


PFIZER,  INC.   (N01-CM5-3805) 

The  main  objectives  of  this  contract  are  to  produce  and  supply  large  quanti- 
ties of  mammalian  type-C  viruses  in  tissue  culture  and  to  purify  and  concen- 
trate these  viruses  from  the  tissue  culture  fluids.   In  addition,  the 
Contractor  is  to  purify  certain  viral  components  both  for  use  in  quality 
control  of  virus  production  and  for  analysis  of  human  tissues  for  the  presence 
of  viral  related  antigens  by  competition  radioimmunoassays.   This  contract 
terminated  June  1980. 


PHARM-ECO  LABORATORIES,  INC.   (N01-CM8-7200) 

This  service  preparative  contract  provides  for  the  resynthesis  of  a  variety 
of  compounds  required  for  clinical  or  preclinical  evaluation.   The  compounds 
prepared  are  not  readily  available  on  the  open  market  or  from  the  original 
supplier  in  the  amounts  required.   About  60%  of  the  effort  of  this  contract 
is  devoted  to  the  preparation  of  large  quantities  of  materials,  in  the 
multikilogram  range. 


PHILIPS  ROXANE  LABORATORIES,  INC.   (N01-CM6-7053) 

This  resource  contract  provides  the  Division  of  Cancer  Treatment  with 
facilities  for  development,  formulation  and  production  of  oral  dosage  forms 
of  investigational  drugs.   The  dosage  forms  are  manufactured  in  conformity 
to  Current  Good  Manufacturing  Practices.   These  dosage  forms  are  packaged, 
labelled  and  shipped  to  the  National  Cancer  Institute  for  subsequent 
distribution  to  clinical  investigators. 


PITTSBURGH,  UNIVERSITY  OF   (N01-CB2-3876) 

This  study  is  designed  to  support  the  study  of  adjuvant  treatment  in  breast 
cancer.   Currently,  protocols  B-04 ,  B-05,  B-07,  B-08  are  closed  to  patient 
accrual  although  all  patients  are  still  being  followed.   Protocol  B-06 
(segmental  mastectomy) ,  B-09  (Tamoxifen)  and  B-10  (C-Parvum)  are  still  open 
for  patient  accrual.   New  clinical  studies  are  being  planned  for  Stage  I, 
II,  and  III  breast  cancer. 


PITTSBURGH,  UNIVERSITY  OF   (N01-CM7-7177) 

This  contract  is  designed  to  support  randomized  controlled  studies  using 
adjuvant  therapy  in  treatment  of  colo-rectal  cancer.   Present  studies  include 
C-01  which  randomizes  patients  having  stage  B+C  colon  cancer  between  no 
treatment,  chemotherapy,  and  immunotherapy  and  R-01  which  randomizes 
patients  having  stage  B=C  rectal  cancer  between  no  treatment,  radiotherapy 
and  chemotherapy. 
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POLYSCIENCES,  INC.   (N01-CM7-7070) 

This  service  preparative  contract  provides  for  the  large-scale  extraction  of 
various  plants  and  isolation  and  purification  of  the  active  materials  for 
preclinical  development  and  clinical  trials.   Cost  and  yield  data  are 
obtained  on  these  processes.   In  the  case  of  those  plant  processes  which 
will  be  used  again,  process  development  optimization  studies  are  conducted. 


POMONA  COLLEGE   (N01-CM6-7062) 

This  contract  conducts  quantitative  structure-activity  studies  on  congeneric 
series  of  antitumor  agents.   In  addition,  the  contract  provides  experimental 
determination  of  necessary  physicochemical  parameters  (log  P,  Eg,  sigma) 
when  these  values  are  not  available  in  the  literature.   The  contract  is 
being  terminated  at  the  end  of  FY '80. 


PURDUE  UNIVERSITY   (N01-CM9-7296) 

This  contract  provides  for  the  fractionation  of  confirmed  active  plant 
extracts  in  an  attempt  to  isolate  in  a  pure  state  and  identify  the  active 
compound(s).   Plant  material  used  in  this  work  is  obtained,  for  the  most 
part,  through  the  United  States  Department  of  Agriculture. 


RALTECH  SCIENTIFIC  SERVICES,  INC.   (N01-CM5-377Q) 

This  is  a  service  contract  for  Tn   vivo  screening  of  potential  anticancer 
agents.   Currently,  testing  is  being  conducted  at  a  level  of  approximately 
50,000  L1210-equivalent  tests  per  year.   Agents  tested  include  new  crude 
plant  extracts,  fractionations  of  previously  confirmed  natural  products, 
new  synthetic  materials,  and  follow-up  testing  of  active  materials.   Testing 
is  conducted  in  mice  in  accordance  with  National  Cancer  Institute  protocols, 
The  P388  lymphocytic  leukemia  is  employed  as  the  pre-screen  model  for  the 
initial  testing  of  all  materials.   Additional  models  now  in  use  under  this 
contract  include  the  following  transplantable  mouse  tumors  (which  comprise 
the  conventional  tumor  panel):   the  B16  melanocarcinoma,  the  CDSF]^  mammary, 
colon  38,  L1210  lymphoid  leukemia,  and  Lewis  lung  carcinoma.   These  tumors 
are  transplanted  for  testing  into  various  sites  including  subcutnaeous , 
intravenous,  intraperitioneal,  intracerebral,  and  intramuscular  sites. 
Schedule  dependency  studies  are  conducted  for  materials  for  potential 
clinical  interest.   Special  research  projects  are  scheduled  as  the  need 
arises  and  are  directed  by  the  Project  Officer. 
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RALTECH  SCIENTIFIC  SERVICES,  INC.   (N01-CM8-7182) 

This  is  a  service  contract  to  prepare  extracts  of  plant  materials  for 
screening  by  the  screening  laboratories.   The  great  majority  of  plant 
extracts  screened  by  NCI  originate  with  this  contract.   The  majority  of 
the  Contractor's  plants  are  obtained  through  a  Transfer  of  Funds  Agreement 
between  the  National  Cancer  Institute  and  the  United  States  Department  of 
Agriculture.   Special  studies  of  methodology  of  plant  extraction  are 
conducted  in  order  to  maximize  the  yield  of  confirmed  active  plants. 


RESEARCH  FOUNDATION  OF  STATE  UNIVERSITY  OF  NEW  YORK   (N01-CM5-3766) 

This  contract  is  to  perform  in  vivo  and  ^Jl  vitro  basic  investigation  and 
development  of  new  experimental  models  for  studying  the  effects  of  anti- 
cancer agents  on  immune  responses.   Specifically,  the  effects  on  T  and  B 
cells,  macrophages  and  the  Hh  systems  will  be  assessed.   This  contract 
expired  March  1980. 


RESEARCH  FOUNDATION  OF  STATE  UNIVERSITY  OF  NEW  YORK   (N01-CP8-5653) 

This  is  one  of  10  contracts  on  the  subject  of  nutritional  assessment  which 
is  funded  by  the  Diet,  Nutrition,  and  Cancer  Program,  OD,  and  administered 
by  DCT.   This  Contractor  is  evaluating  ultrasound  as  a  technique  for 
assessing  body  fat  and  muscle  thickness. 


RESEARCH  TRIANGLE  INSTITUTE   (N01-CM9-7261) 

This  procurement  contract  collects  plants  in  the  United  States.   The  plants 
are  then  subjected  to  aqueous  extraction  and  the  samples  lyophilized  and 
sent  to  Raltech  Scientific  Services  for  testing.   Actives  will  be 
submitted  to  the  NCI  fractionator  contractors. 


RESEARCH  TRIANGLE  INSTITUTE   (N01-CM9-7313) 

This  service  preparative  contract  provides  for  the  synthesis  of  radioactive 
labeled  chemicals  and  drugs  for  use  in  preclinical  pharmacological  and 
clinical  studies.   Many  of  the  materials  prepared  are  not  available  from 
commercial  sources.   All  materials,  whether  prepared  at  the  Institute  or 
acquired  from  other  sources,  are  analyzed  for  purity  and  identity  by 
radioautography  assay,  etc.   This  contract  also  provides  storage  facilities 
for  labeled  materials  and  distributes  such  as  directed  by  the  National 
Cancer  Institute  staff. 
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RESEARCH  TRIANGLE  INSTITUTE   (NOl-CMO-7352) 

The  newly  initiated  Quick  Reaction  Work  Order  Contract  mechanism  provides  for 
the  synthesis  of  a  variety  of  organic  and/or  inorganic  compounds  which  have 
been  identified  by  Program  as  meriting  development.   The  Quick  Reaction  Work 
Order  contracts  provide  the  capability  to  pursue  leads,  uncovered  by  bio- 
logical testing,  by  means  of  the  resynthesis  of  known  compounds  in  quantities 
sufficient  for  confirmatory  testing.   Another  objective  is  the  synthesis  of 
a  selected  number  of  novel  analogs  for  structure-activity  optimization 
studies.   The  Task  Order  contract  makes  available  several  contractors  who 
have  the  chemical  synthetic  expertise  to  synthesize  the  variety  of  selected 
compounds.   The  mechanism  provides  the  capability  of  a  quick  response, 
makes  accessible  a  pool  of  contractors,  isolates  cost  for  each  task,  provides 
flexibility  for  funds,  and  avoids  prolonged  contract  competitions  once  the 
master  contracts  are  awarded. 


SASCO,  INC.   (N01-CM9-0164) 

This  procurement  contract  provides  for  the  supply  of  156,000  CD2F1  (BALB/c 
female  x  DBA/2  male)  hybrid  mice  for  the  Developmental  Therapeutics  Program 
compound  evaluation  studies.   Breeding  animals  originate  in  genetic  centers. 


SIDNEY  FARBER  CANCER  INSTITUTE   (N01-CM4-3781) 

This  contract  is  designed  to  explore  in  prospective,  randomized  controlled 
protocol  studies  (1)  the  value  of  adjuvant  chemotherapy  after  curative 
gastric  surgery;  (2)  phase  II  studies  in  advanced  gastric  cancer;  and 
(3)  randomized  phase  II  studies  of  combinations  in  advanced  disease. 


SIDNEY  FARBER  CANCER  INSTITUTE   (N01-CM5-7035) 

This  contract  is  designed  to  support  prospective  randomized,  controlled 
protocol  studies  using  combined  modalities  in  the  surgical  adjuvant  treatment 
of  colon  and  rectal  carcinoma. 


SIDNEY  FARBER  CANCER  INSTITUTE   (N01-CM6-7037) 

The  Contractor  conducts  phase  II/III  studies  in  patients  with  solid 
disseminated  tumors.   The  tumors  to  be  included  are  limited  to:   lung,  breast, 
melanoma,  soft  tissue  and  bone  sarcoma.   A  minimum  of  400  patients  a  year, 
with  no  less  than  25  patients  in  any  tumor  type.   These  patients  are  treated 
intensively  with  chemotherapy  either  alone  or  in  combination  with  radio- 
therapy, immunotherapy  or  surgery  in  protocols  agreed  upon  by  the  Project 
Officer  and  Principal  Investigator. 
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SIDNEY  FARBER  CANCER  INSTITUTE   (N01-CM9-7276) 

This  contract  is  designed  to  conduct  phase  I  clinical  studies  with  new 
anticancer  drugs  sponsored  by  the  Division  of  Cancer  Treatment  or  to  conduct 
phase  I  clinical  studies  with  new  combinations  or  regimens  mutually  agreed 
upon. 


SIMQNSEN  LABORATORIES   (N01-CM5-0578) 

This  contract  furnishes  approximately  312,000  six-week  old  B6D2F1  (C57BL/6 
female  x  DBA/2  male)  hybrid  mice  for  compound  evaluation  studies.   Breeding 
animals  are  furnished  from  genetic  centers  and/or  rodent  production  centers. 


SIMQNSEN  LABORATORIES   (N01-CM7-7166) 

The  Contractor  maintains  a  primary  genetic  center  of  inbred  strains  of 
rodents.   Small  quantities  of  animals  from  the  colony  are  made  available  for 
tumor  transplantation  and  the  majority  are  furnished  for  large-scale 
production  colonies  from  pedigreed  expansion  colonies.   All  pedigreed 
foundation  colonies  are  maintained  in  associated  flora  isolators. 


SIMONSEN  LABORATORIES   (N01-CM9-7247) 

This  contract  provides  for  the  maintenance  of  a  rodent  production  center. 
This  center  produces  stocks  and  strains  of  rodents  for  research  and  testing 
laboratory  programs.   Production  levels  for  individual  colonies  are 
correlated  with  requirements  for  specific  investigations.   This  contract 
furnishes  breeding  animals  for  large-scale  production  colonies.   The 
breeding  stock  is  received  from  the  primary  genetic  centers. 


SISA,  INC.   (NOl-CMO-7354) 

The  newly  initiated  Quick  Reaction  Work  Order  Contract  mechanism  provides  for 
the  synthesis  of  a  variety  of  organic  and/or  inorganic  compounds  which  have 
been  identified  by  Program  as  meriting  development.   The  Quick  Reaction  Work 
Order  contracts  provide  the  capability  to  pursue  leads,  uncovered  by  bio- 
logical testing,  by  means  of  the  resynthesis  of  known  compounds  in  quantities 
sufficient  for  confirmatory  testing.   Another  objective  is  the  synthesis  of 
a  selected  number  of  novel  analogs  for  structure-activity  optimization 
studies.   The  Task  Order  contract  makes  available  several  contractors  who 
have  the  chemical  synthetic  expertise  to  synthesize  the  variety  of  selected 
compounds.   The  mechanism  provides  the  capability  of  a  quick  response,  makes 
accessible  a  pool  of  contractors,  isolates  cost  for  each  task,  provides 
flexibility  for  funds,  and  avoids  prolonged  contract  competitions  once  the 
master  contracts  are  awarded. 
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SMALL  BUSINESS  ADMINISTRATION   (N01-CM4-3719) 

The  purpose  of  this  contract  is  to  provide  supportive  services  in  virology, 
inmunology,  and  tissue  culture.   At  the  present  time,  these  functions  include 
primarily  the  following:   1)  detailed  karyotypic  analysis,  including  Giemsa 
banding,  of  a  variety  of  monolayer  and  suspension  cultured  cells;  2)  evalua- 
tion of  tumorigenicity  of  various  cultured  cells  by  inoculation  into  nude 
mice;  3)  testing  the  tumorigenic  potential  of  selected  primate  retroviruses; 
4)  preparing  small  quantities  of  selected  (frequently  cloned)  cells  and 
retroviruses;  and  5)  testing  various  tissue  cultured  cell  specimens  for 
mycoplasma  contamination. 


SOUTH  FLORIDA,  UNIVERSITY  OF   (N01-CM8-722Q) 

A  member  of  the  Head  and  Neck  Contracts  Program:   A  collaborative  group  of 
six  (6)  institutions  and  two  (2)  cooperative  oncology  groups  to  investigate 
the  effects  of  adjuvant  chemotherapy  in  the  treatment  of  advanced,  resectable 
squamous  carcinoma  of  the  head  and  neck.   The  contract  study  is  a  prospective, 
randomized  comparison  of  a  standard  treatment  regimen  consisting  of  surgery 
and  postoperative  radiotherapy  with  a  regimen  consisting  of  induction  chemo- 
therapy followed  by  the  standard  regimen,  and  with  induction  chemotherapy 
followed  by  the  standard  regimen  with  the  addition  of  a  six  (6)  month  course 
of  maintenance  chemotherapy.   The  induction  chemotherapy  consists  of 
cis-Platinum  and  Bleomycin.   Cis-Platinum  alone  is  utiilized  as  the  main- 
tenance chemotherapy.   Two  hundred  and  three  (203)  patients  have  been 
randomized  to  the  study  during  the  first  17  months  since  its  activation. 


SOUTHERN  ANIMAL  FARMS   (N01-CM5-0599) 

This  contract  furnishes  approximately  312,000  hybrid  mice  for  compound 
evaluation  studies.   Breeding  animals  are  furnished  from  genetic  centers 
and/or  rodent  production  colonies. 


SOUTHERN  ANIMAL  FARMS   (N01-CM9-7245) 

This  contract  provides  for  the  maintenance  of  a  rodent  production  center. 
This  center  produces  stocks  and  strains  of  rodents  for  research  and  testing 
laboratory  programs.   Production  levels  for  individual  colonies  are 
correlated  with  requirements  for  specific  investigations.   This  contract 
furnishes  breeding  animals  for  large-scale  production  colonies.   The 
breeding  stock  is  received  from  the  primary  genetic  centers. 
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SOUTHERN  CALIFORNIA.  UNIVERSITY  OF   (N01-CM5-3842) 

This  contract  is  designed  to  explore  in  prospective  randomized,  controlled 
protocol  studies  (1)  the  value  of  adjuvant  chemotherapy  following  a  curative 
gastric  resection,  and  (2)  phase  III  evaluation  of  single  agent  and 
combination  chemotherapy  regimens  in  advanced  disease.   The  Contractor  is 
also  performing  phase  II  single  agent  studies  in  patients  who  have 
previously  received  chemotherapy. 

SOUTHERN  CALIFORNIA,  UNIVERSITY  OF   (N01-CM6-7084) 

The  main  purpose  of  this  contract  is  the  synthesis  of  compounds  designed  to 
bind  specifically  to  DNA  and  certain  enzymes.   The  three  specific  objectives 
of  this  contract  are:   (a)  the  synthesis  of  cyclopentenoisoquinoline 
derivatives  designed  to  hydrogen  bond  specifically  to  guanine  cytosine  pairs 
across  the  double  helix  of  DNA;  (b)  the  design  and  synthesis  of  a  new  "K  cat" 
inhibitor  of  dihydroorotate  dehydrogenase;  and  (c)  the  synthesis  of  5- 
ethynyluracil  and  its  ribo  and  deoxyribonucleosides.   This  contract  is 
being  phased  out  this  year  and  portions  of  this  work,  especially  those 
relating  to  the  synthesis  of  "K  cat"  inhibitors,  will  be  pursued  through 
the  CREG. 


SOUTHERN  RESEARCH  INSTITUTE   (N01-CM8-7162) 

The  purpose  of  this  contract  is  to  obtain  basic  quantitative  pharmacologic 
information  in  animals  which  will  indicate  the  requirements  of  drug  dosage 
and  scheduling  necessary  to  give  maximum  tumor  cell  kill  while  minimizing 
toxicity  to  the  host's  normal  cells.   This  involves  the  development  and 
application  of  highly  sensitive  analytical  methodology  to  measure  drugs  and 
their  metabolites  in  body  fluids  and  tissues  and  the  estimation  of  half- 
lives  and  cumulative  Cst  values  in  animals  and  man. 


SOUTHERN  RESEARCH  INSTITUTE   (N01-CM9-7263) 

The  objectives  of  this  contract  are  to  explore  the  pharmacologic  and 
toxicologic  effects  of  antitumor  drugs  administered  singly  and  in  combination 
with  other  modalities  to  animals.   These  other  agents  may  be  another  anti- 
tumor drug,   an  inhibitor  of  metabolism  of  the  active  antitumor  agent,  com- 
pounds that  affect  the  immune  system  or  a  physical  agent,  for  example 
x-irradiation.   During  the  past  year  the  preclinical  toxicology  of  the 
adenosine  deaminase  inhibitor,  2'-deoxycoformycin  has  been  evaluated  per  se 
and  in  combination  with  adenosine  arabinoside-5 '-phosphate.   Adenosine 
deaminase  inhibitors  have  no  antitumor  activity  per  se  in  experimental 
systems,  but  potentiate  the  antitumor  activity  of  a  variety  of  adenosine 
analogs. 


141 


SOUTHERN  RESEARCH  INSTITUTE   (N01-CM9-7309)  (FORMERLY  NQ1-CM4-3756) 

This  project  is  designed  to  provide  to  DCT  a  maximally  flexible  single 
instrument  for  the  rapid  conduct  of  program-directed  developmental  and 
applied  studies  pertinent  to  all  preclinical,  therapy  related,  tasks. 
Principal  tasks  are  (1)  to  apply  fundamental  biological  principles  to  the 
development  of  new  and  improved  laboratory  models  for  the  discovery  of  more 
effective  antitumor  therapies  including  individual  drugs,  drug  combinations, 
combined  treatment  modalities;  (2)  to  evaluate,  in  detail,  drugs  in  develop- 
ment to  NCI  sponsored  clinical  trial  to  determine  their  optimum  conditions  of 
usage;  (3)  to  conduct  in  vivo  screening  against  transplantable  animal  tumors 
and  human  tumor  xenografts;  (4)  to  conduct  in  vitro  screening  in  response  to 
Program  needs;  and  (5)  to  carry  out  specialized  experiments  to  solve  problems 
arising  during  large  animal  toxicology  or  early  clinical  trial  of  new  drugs 
or  to  answer  pre-clinical  therapy  related  questions  arising  from  FDA  review 
of  DCT-sponsored  IND  applications. 

SOUTHERN  RESEARCH  INSTITUTE   (NOl-CMO-7260) 

The  newly  initiated  Quick  Reaction  Work  Order  Contract  mechanism  provides  for 
the  synthesis  of  a  variety  of  organic  and/or  inorganic  compounds  which  have 
been  identified  by  Program  as  meriting  development.   The  Quick  Reaction  Work 
Order  contracts  provide  the  capability  to  pursue  leads,  uncovered  by  biologi- 
cal testing,  by  means  of  the  resynthesis  of  known  compounds  in  quantities 
sufficient  for  confirmatory  testing.   Another  objective  is  the  synthesis  of 
a  selected  number  of  novel  analogs  for  structure-activity  optimization 
studies.   The  Task  Order  contract  makes  available  several  contractors  who 
have  the  chemical  synthetic  expertise  to  synthesize  the  variety  of  selected 
compounds.   The  mechanism  provides  the  capability  of  a  quick  response,  makes 
accessible  a  pool  of  contractors,  isolates  cost  for  each  task,  provides  flexi- 
bility for  funds,  and  avoids  prolonged  contract  competitions  once  the  master 
contracts  are  awarded. 


SOUTHWEST  FOUNDATION  FOR  RESEARCH  AND  EDUCATION   (NOl-CMO-7356) 

The  newly  initiated  Quick  Reaction  Work  Order  Contract  mechanism  provides  for 
the  synthesis  of  a  variety  of  organic  and/or  inorganic  compounds  which  have 
been  identified  by  Program  as  meriting  development.   The  Quick  Reaction  Work 
Order  contracts  provide  the  capability  to  pursue  leads,  uncovered  by  biologi- 
cal testing,  by  means  of  the  resynthesis  of  known  compounds  in  quantities 
sufficient  for  confirmatory  testing.   Another  objective  is  the  synthesis  of 
a  selected  number  of  novel  analogs  for  structure-activity  optimization 
studies.   The  Task  Order  contract  makes  available  several  contractors  who 
have  the  chemical  synthetic  expertise  to  synthesize  the  variety  of  selected 
compounds.   The  mechanism  provides  the  capability  of  a  quick  response,  makes 
accessible  a  pool  of  contractors,  isolates  cost  for  each  task,  provides  flexi- 
bility for  funds,  and  avoids  prolonged  contract  competitions  once  the  master 
contracts  are  awarded. 
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SRI  INTERNATIONAL   (N01-CM8-7183) 

SRI  International  under  this  contract  performs  chemical  analysis  of  bulk 
chemicals  and  clinical  formulations  of  compounds  of  interest  to  the 
Developmental  Therapeutics  Program.   The  Contractor  determines  the  identity 
of  the  compounds  by  confirming  their  structural  validity  and  assays  the 
compounds  as  to  the  percent  of  desired  compound  and  the  amounts  of  minor  or 
trace  impurities  including  the  presence  of  water  or  occluded  solvents. 
The  Contractor  determines  the  solubility,  stability  and  other  physical- 
chemical  properties  which  provide  information  as  a  guidance  to  the  effective 
use,  formulation  and  storage  of  the  materials.   The  procedures  commonly  used 
consist  of  elemental  analysis,  chromatography  (paper,  thin  layer,  gas,  high- 
pressure  liquid),  spectrometry  (mass,  nuclear,  photo)  and  other  physical- 
chemical  determinations  appropriate  to  the  situation.   The  reports  submitted 
provide  quality  assurance  for  the  release  of  materials  for  investigational 
use  and  necessary  analytical  data  for  the  National  Cancer  Institute's  filings 
with  the  Food  and  Drug  Administration.   This  is  one  of  two  facilities 
performing  this  type  of  service. 


SRI  INTERNATIONAL   (N01-CM8-7207) 

The  objective  of  this  cooperative  effort  between  SRI  International  and 
Stanford  Unversity  is  the  synthesis  and  biological  evaluation  of  nitro- 
imidazoles  and  other  related  nitroheterocycles.   Neurotoxicity,  lipo- 
philicity  and  peak  drug  levels  in  plasma  and  tumors,  and  electron  reduction 
potential  determination  are  used  to  select  analogs  for  development.   Two 
compounds,  NSC-301467  and  NSC-314055  have  passed  DN2A  and  are  scheduled  for 
preclinical  toxicology  tests. 


SRI  INTERNATIONAL   (N01-CM9-7256) 

This  service  preparative  contract  provides  for  the  synthesis  of  radiolabeled 
chemicals  and  drugs  for  use  in  preclinical  pharmacologic  and  clinical  studies. 
Many  of  the  materials  prepared  are  not  available  from  commercial  sources  and 
are  synthesized.   All  materials,  whether  prepared  by  the  contract  group  or 
acquired  from  other  sources,  are  analyzed  for  purity  and  identity  by  radio- 
autography  assay,  etc.   This  contract  also  provides  storage  facilities  for 
labeled  materials  and  distributes  such  as  directed  by  the  National  Cancer 
Institute  staff. 
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SRI  INTERNATIONAL   (NQl-CMO-7351) 

The  newly  initiated  Quick  Reaction  Work  Order  Contract  mechanism  provides  for 
the  synthesis  of  a  variety  of  organic  and/or  inorganic  compounds  which  have 
been  identified  by  Program  as  meriting  development.   The  Quick  Reaction  Work 
Order  contracts  provide  the  capability  to  pursue  leads,  uncovered  by  biologi- 
cal testing,  by  means  of  the  resynthesis  of  known  compounds  in  quantities 
sufficient  for  confirmatory  testing.   Another  objective  is  the  synthesis  of 
a  selected  number  of  novel  analogs  for  structure-activity  optimization  studies. 
The  Task  Order  contract  makes  available  several  contractors  who  have  the 
chemical  synthetic  expertise  to  synthesize  the  variety  of  selected  compounds. 
The  mechanism  provides  the  capability  of  a  quick  response,  makes  accessible 
a  pool  of  contractors,  isolates  cost  for  each  task,  provides  flexibility  for 
funds,  and  avoids  prolonged  contract  competitions  once  the  master  contracts 
are  awarded . 


ST.  LOUIS  UNIVERSITY  SCHOOL  OF  MEDICINE   (N01-CM5-7020) 

The  clinical  data  from  patients  with  intracranial  malignancy  provided  under 
this  contract  are  used  to  evaluate  the  efficacy  of  therapy  in  both  phase  II 
and  phase  III  clinical  trials.   Multimodality  therapy  including  surgery, 
radiation  therapy,  chemotherapy,  and  various  sequences  and  combinations 
thereof,  are  used  according  to  a  commonly  agreed  upon  protocol  in  patients 
who  harbor  histopathologically  diagnosed  brain  tumors.   Single  modality 
therapy  is  first  demonstrated  to  have  efficacy  and  then  forward  into  combined 
modality  treatment  protocols.   New  chemotherapeutic  agents,  as  they  are 
developed  and  brought  to  clinical  trial,  are  also  being  tested  in  controlled 
phase  II  trials  in  order  to  provide  a  more  rational  selection  of  chemo- 
therapeutic agents  for  further  phase  III  studies  of  brain  tumor  patients. 
The  acquisition  of  a  significant  number  of  patients  into  these  prospective, 
controlled,  randomized  studies  permits  a  comparative  analysis  of  the  clinical 
course  of  the  patients,  the  toxicity  of  the  various  therapeutic  modalities 
utilized  as  well  as  insight  into  the  biologic  characteristics  of  the  disease 
entity  being  investigated. 


STANFORD  UNIVERSITY,  BOARD  OF  TRUSTEES   (N01-CM6-7072) 

This  contract  serves  as  a  statistical  support  center  to  collect,  analyze,  and 
correlate  the  data  submitted  by  the  participating  data  collecting  centers 
(New  England  Medical  Center — NCI-CM6-7112,  University  of  Minnesota — NCI-CM6- 
7113,  Instituto  Nazionale  de  la  Cura  dei  Tumori — NCI-CM6-7064 ,  and  Stanford 
University — NCI-CM6-7072) .   This  contract  is  nearing  completion.   A  new 
histologic  staging  classification  of  non-Hodgkin' s  lymphoma  has  been  adopted 
and  all  clinical  data  are  being  updated  and  analyzed.  This  task  will  be 
completed  in  September,  1980. 
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STARKS  ASSOCIATES.  INC.   (N01-CM5-3769) 

This  service  contract  is  for  the  resynthesis  of  compounds  not  readily  avail- 
able from  commercial  sources  or  from  the  original  supplier  in  the  amounts 
needed.   The  compounds  prepared  are  for  the  completion  of  definitive  testing 
or  for  clinical  or  preclinical  evaluation.   About  50%  of  the  effort  of  this 
contract  is  devoted  to  the  preparation  of  large  quantities  of  materials. 
Many  of  the  preparations  involve  multistep  sequences. 

STARKS  ASSOCIATES.  INC.   (N01-CM8-7203) 

This  service  preparative  contract  is  for  the  resynthesis  of  bulk  chemicals 
and  drugs  required  for  completion  of  drug  evaluation  studies,  with  approxi- 
mately 50%  of  the  effort  being  devoted  to  the  production  of  clinical 
materials.   The  materials  assigned  for  resynthesis  are  not  readily  available 
in  the  quantities  needed  from  the  original  supplier  or  on  the  open  market. 
Preparations  vary  in  quantity  from  gram  to  multikilogram  scale. 


STARKS  ASSOCIATES.  INC.   (N01-CM8-7206) 

This  contract  is  in  support  of  DS&CB's  fundamental  responsibility  to  acquire 
selected  novel  synthetic  compounds  for  evaluation  as  potential  anticancer 
agents  -  the  initial  step  in  the  NCI's  Linear  Array  for  Drug  Development. 
The  major  focus  of  this  contract  is  the  active  solicitation,  acquisition  and 
management  of  approximately  13.500  compounds  per  year  of  diverse  structural 
types.   These  compounds  are  selected  by  DS&CB  from  a  much  larger  pool  of 
compounds  provided  through  this  contract  in  quantities  adequate  for  the 
primary  anticancer  screen.   Many  new  leads  are  identified,  and  this  contract 
acquires  a  significant  proportion  of  the  larger  samples  needed  for  secondary 
screening  (Timior  Panel)  . 


STARKS  ASSOCIATES.  INC.   (NOl-CMO-7357) 

The  newly  initiated  Quick  Reaction  Work  Order  Contract  mechanism  provides  for 
the  synthesis  of  a  variety  of  organic  and/or  inorganic  compounds  which  have 
been  identified  by  Program  as  meriting  development.   The  Quick  Reaction  Work 
Order  contracts  provide  the  capability  to  pursue  leads,  uncovered  by  biologi- 
cal testing,  by  means  of  the  resynthesis  of  known  compounds  in  quantities 
sufficient  for  confirmatory  testing.   Another  objective  is  the  synthesis  of 
a  selected  number  of  novel  analogs  for  structure-activity  optimization 
studies.   The  Task  Order  contract  makes  available  several  contractors  who 
have  the  chemical  synthetic  expertise  to  synthesize  the  variety  of  selected 
compounds.   The  mechanism  provides  the  capability  of  a  quick  response,  makes 
accessible  a  pool  of  contractors,  isolates  cost  for  each  task,  provides 
flexibility  for  funds,  and  avoids  prolonged  contract  competitions  once  the 
master  contracts  are  awarded. 
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STEHLIN  FOUNDATION  FOR  CANCER  RESEARCH   (N01-CM6-7073) 

This  project  provided  to  the  Drug  Evaluation  Branch,  DTP,  the  capability  to 
study  the  growth  characteristics,  transplantability,  genotypic  and  phenotypic 
Constance,  and  response  to  selected  antitumor  drugs  of  human  tumor  xenografts 
grown  in  athymic  ("nude")  mice.   Its  major  objective  is  to  recommend  to  DCT 
human  tumor  xenograft  lines  to  be  used  for  screening.   The  Contractor 
conducts  developmental  studies  leading  to  the  formulation  of  precise 
protocols  for  screening  against  xenografts  including  parameters  and  criteria 
of  drug  activity.   Athjmiic  mice  used  in  this  project  are  bred  by  the 
Contractor  under  this  contract.   In  view  of  the  research  nature  of  this 
project  and  inasmuch  as  the  tasks  required  to  establish  the  DEB  xenograft 
screening  program  will  have  been  completed  by  the  end  of  the  third  quarter, 
FY' 1980,  it  is  scheduled  for  termination  under  the  contract  funding  mechanism 
at  that  time.   The  Principal  Investigator  has  been  encouraged  to  seek  grant 
support  for  continuation  of  these  research  studies. 


TACONIC  FARMS   (N01-CM5-0597) 


This  contract  furnishes  approximately  160,000  B6D2F1  (C57BL/6  female  x  DBA/8 
male)  hybrid  mice  for  compound  evaluation  studies.   Breeding  animals  are 
furnished  from  genetic  centers  and/or  rodent  production  colonies. 


TENNESSEE,  UNIVERSITY  OF   (N01-CM5-7021) 

The  clinical  data  from  patients  with  intracranial  malignancy  provided  under 
this  contract  are  used  to  evaluate  the  efficacy  of  therapy  in  both  phase  II 
and  phase  III  clinical  trials.   Multimodality  therapy  including  surgery, 
radiation  therapy,  chemotherapy,  and  various  sequences  and  combinations 
thereof,  are  used  according  to  a  commonly  agreed  upon  protocol  in  patients 
who  harbor  histopathologically  diagnosed  brain  tumors.   Single  modality 
therapy  is  first  demonstrated  to  have  efficacy  and  then  forward  into  combined 
modality  treatment  protocols.   New  chemotherapeutic  agents,  as  they  are 
developed  and  brought  to  clinical  trial,  are  also  being  tested  in  controlled 
phase  II  trials  in  order  to  provide  a  more  rational  selection  of  chemo- 
therapeutic agents  for  further  phase  III  studies  of  brain  tumor  patients. 
The  acquisition  of  a  significant  number  of  patients  into  these  prospective, 
controlled,  randomized  studies  permits  a  comparative  analysis  of  the 
clinical  course  of  the  patients,  the  toxicity  of  the  various  therapeutic 
modalities  utilized  as  well  as  insight  into  the  biologic  characteristics 
of  the  disease  entity  being  investigated. 
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TEXAS  INSTITUTE  FOR  REHABILITATION  AND  RESEARCH   (NQ1-CP8-5618) 

This  is  one  of  10  contracts  on  the  subject  of  nutritional  assessment  which 
is  funded  by  the  Diet,  Nutrition,  and  Cancer  Program,  OD,  and  administered 
by  DCT.   This  contract  supports  studies  of  stereometric  photography  as  a 
measure  of  body  surface  area,  body  volume,  and  body  density.   From  body 
density,  body  fat  and  muscle  may  be  estimated. 

TEXAS,  UNIVERSITY  OF   (N01-CM5-3767) 

Sublines  of  murine  neuroblastoma  and  astrocytoma  cells  (in  culture)  are 
developed  to  be  resistant  to  antitumor  agents  of  interest  to  the  Division  of 
Cancer  Treatment.   These  sublines  are  examined  with  respect  to  mechanism  of 
resistance  and  pattern  of  cross-resistance  to  other  antineoplastic  agents. 
The  efficacy  of  new  anticancer  agents  is  being  examined  in  intact  Ajax  mice 
(syngenetic  to  the  neuroblastoma  clones)  inoculated  intraperitoneally  or 
subcutaneously  with  neuroblastoma  cells.   In  addition,  the  Contractor  has 
developed  methods  to  label,  fractionate  and  quantitate  cell  surface  proteins, 
glycoproteins,  and  glycolipids  in  drug  sensitive  and  resistant  lines  and 
examined  the  possibility  of  altering  tumorigenicity  by  exposing  various 
drug  resistant  lines  to  inhibitors  of  membrane  protein  glycosylation. 
The  Contractor  also  examined  several  drug  resistant  mutants  for  their 
sensitivity  to  various  drugs  which  may  interfere  with  the  glycosylation  of 
membrane  glycoproteins  and  glycolipids.   This  contract  terminated  June,  1980. 

TEXAS,  UNIVERSITY  OF   (N01-CM5-3832) 

This  contract  is  designed  to  investigate  the  role  of  protected  environments 
prophylactic  antibiotics  (TEPA)  as  adjuvant  to  the  remission  induction  chemo- 
therapy of  extensive  oat  cell  carcinoma  of  the  lung,  breast  carcinoma,  and 
diffuse  histiocytic  lymphomas.   The  ultimate  goal  is  to  determine  whether 
larger  doses  of  chemotherapy  may  be  administered  to  these  patients  by  virtue 
of  their  protection  from  septic  complications,  and  whether  those  larger  doses 
will  result  in  improved  treatment  result.   The  Contractor  has  demonstrated 
that  patients  managed  with  TEPA  can  be  protected  from  infection  during 
leukopenic  periods,  and  that  drug  dose  escalation  can  be  achieved. 
Enhancement  of  therapeutic  results  have  not  as  yet  been  demonstrated,  but 
results  with  breast  cancer  should  be  available  from  current  studies. 


TEXAS,  UNIVERSITY  OF  (M.D.  ANDERSON  HOSPITAL  AND  TUMOR  INSTITUTE) 
(N01-CM3-371Q) 

Provide  80  patients  (previously  untreated)  with  advanced  ovarian  cancer  to 
study  new  agents  and  combination  chemotherapy.   Work  to  date  has  shown 
hexamethylmelamine  to  be  an  active  agent  in  ovarian  cancer  and  possibly 
synergistic  with  alkylating  atents.   The  Contractor  continues  to  study 
combinations  including  Adriamycin,  Hexamethylmelamine,  Cytoxan,  and 
Platinum.   Analyses  of  response  based  on  tumor  volume  and  grade  are 
continuing. 
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TEXAS,  UNIVERSITY  OF  (M.D.  ANDERSON  HOSPITAL  AND  TUMOR  INSTITUTE) 
(N01-CM7-7149)   ~~~ 

A  member  of  the  Lung  Cancer  Study  Group:   A  collaborative  group  of  six  (6) 
institutions  which  are  studying  early  non-oat  cell  lung  cancer  in  three  (3) 
protocols.   Resectable  Stage  I  tumors  are  randomized  (double  blind  trial) 
to  intrapleural  BCG  +  INH  x  12  weeks  versus  placebo  intrapleural  BCG  + 
placebo  INH  x  12  weeks.   Resectable  Stage  II  and  III  epidermoid  carcinoma 
is  randomized  to  observation  versus  radiation  to  tumor  bed  and  mediastinum 
versus  radiation  as  above  +  levamisole.   Stage  II  and  III  adenocarcinoma  and 
large  cell  carcinoma  are  randomized  to  a  three  drug  combination  of  Cytoxan, 
adriamycin,  and  cis-platinum  versus  intrapleural  BCG  +  levamisole.   An 
attempt  will  be  made  to  correlate  disease  course  with  certain  immune 
parameters  before,  during  and  after  surgery.   A  new  protocol  has  been 
recently  developed  comparing  chemotherapy  vs.  radiotherapy  vs.  chemotherapy 
plus  radiotherapy  in  patients  with  partially  resected  locally  advanced 
non-small  cell  carcinoma  of  the  lung. 


TEXAS,  UNIVERSITY  OF.  MEDICAL  BRANCH   (N01-CM8-7221) 

A  member  of  the  Head  and  Neck  Contracts  Program:   A  collaborative  group  of 
six  (6)  institutions  and  two  (2)  cooperative  oncology  groups  to  investigate 
the  effects  of  adjuvant  chemotherapy  in  the  treatment  of  advanced,  resectable 
squamous  carcinoma  of  the  head  and  neck.   The  contract  study  is  a  prospective, 
randomized  comparison  of  a  standard  treatment  regimen  consisting  of  surgery 
and  postoperative  radiotherapy  with  a  regimen  consisting  of  induction 
chemotherapy  followed  by  the  standard  regimen,  and  with  induction  chemo- 
therapy followed  by  the  standard  regimen  with  the  addition  of  a  six  (6)  month 
course  of  maintenance  chemotherapy.   The  induction  chemotherapy  consists  of 
cis-Platinum  and  Bleomycin.   Cis-Platinum  alone  is  utilized  as  the 
maintenance  chemotherapy.   Two  hundred  and  three  (203)  patients  have  been 
randomized  to  the  study  during  the  first  17  months  since  its  activation. 


TEXAS,  UNIVERSITY  OF,  SYSTEM  CANCER  CENTER  (M.D.  ANDERSON  HOSPITAL  AND 
TUMOR  INSTITUTE)   (N01-CM5-7042) 

The  Contractor  conducts  phase  II/III  studies  in  patients  with  solid  dissemi- 
nated tumors.   The  tumors  included  are  limited  to  lung,  breast,  melanoma, 
soft  tissue  and  bone  sarcoma,  and  gastrointestinal  cancers.   A  minimum  of 
200  patients  a  year  are  studied,  with  no  less  than  25  patients  in  any  tumor 
type.   These  patients  are  treated  intensively  with  chemotherapy  either  alone 
or  in  combination  with  radiotherapy,  immunotherapy  or  surgery  in  protocols 
agreed  upon  by  the  Project  Officer  and  Principal  Investigator.   Studies  in 
nutritional  support  for  patients  undergoing  systemic  antineoplastic  chemo- 
therapy are  also  conducted  under  this  contract. 


148 


TEXAS.  UNIVERSITY  OF,  SYSTEM  CANCER  CENTER  (M.D.  ANDERSON  HOSPITAL  AND 
TUMOR  INSTITUTE   (N01-CM6-7026) 

Ovarian  Cancer  Study  Group  Pattiology  Reference  Center:   A  special  task 
contract  to  review  surgical  and  postmortem  specimens  submitted  by  the 
Ovarian  Cancer  Study  Group. 


TEXAS.  UNIVERSITY  OF,  SYSTEM  CANCER  CENTER  (M.D.  ANDERSON  HOSPITAL  AND 
TUMOR  INSTITUTE   (N01-CM6-7116) 

A  collaborative  group  whose  main  thrust  is  to  study  various  post-surgical 
adjuvants  in  early  epithelial  tumors  of  the  ovary.   A  joint  protocol  for 
good  risk  Stage  I  (i.e.,  FIGO  Stage  lAi  and  IBi)  compares  observation  to 
L-PAM  post-operatively.   A  secondary  study  involves  a  histo-pathologic  study 
of  the  incidence  of  unsuspected  pelvic  and/or  paraortic  node  metastases 
in  this  patients  population.   A  further  joint  protocol  for  other  early 
disease  (i.e.,  FIGO  Stage  lAii,  IBii,  IC,  and  II)  separates  patients 
according  to  presence  or  absence  of  macroscopic  residual  disease  post- 
operatively.  Patients  with  macroscopic  residual  disease  are  randomized  to 
L-PAM  versus  L-PAM  +  pelvic  radiotherapy.   Patients  without  macroscopic 
residual  disease  are  randomized  to  L-PAM  versus  intraperitoneal  instillation 
of  15  mc  of  radioactive  chromic  phosphate. 


TEXAS,  UNIVERSITY  OF,  SYSTEM  CANCER  CENTER  (M.D.  ANDERSON  HOSPITAL  AND 
TUMOR  INSTITUTE   (N0I-CM7-7153) 

Lung  Cancer  Study  Group  Pathology  Reference  Center:   A  special  task  contract 
to  review  cytology,  surgical  biopsies,  and  autopsy  material  provided  by  the 
Lung  Cancer  Study  Group. 


TEXAS,  UNIVERSITY  OF,  SYSTEM  CANCER  CENTER  (M.D.  ANDERSON  HOSPITAL  AND 
TUMOR  INSTITUTE   (N01-CM8-7185) 

The  purpose  of  this  contract  is  to  carry  out  studies  on  the  pharmacology 
and  physiological  disposition  of  new  antitumor  agents  under  development  by 
the  National  Cancer  Institute.   During  the  current  year,  studies  have  been 
completed  on  3-deazauridine,  PALA,  dihydroxyanthracenedione,  arabinosyladenine, 
2-f luoroarabinosyladenine,  2 '-deoxycoformycin,  and  pentamethylmelamine. 
Studies  under  this  contract  are  carried  out  in  experimental  animals  and  in 
cell  culture  lines,  but  are  closely  interrelated  with  phase  I  clinical  trials 
conducted  at  the  M.D.  Anderson  Hospital  and  Tumor  Institute  and  elsewhere. 
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TEXAS,  UNIVERSITY  OF,  SYSTEM  CANCER  CENTER  (M.D.  ANDERSON  HOSPITAL  AND 
TUMOR  INSTITUTE   (N01-CM8-7233) 

The  purpose  of  this  contract  is  to  collect  pharmacokinetic  data  on  new  and 
established  antitumor  agents  in  patients  undergoing  treatment  for  malignant 
disease  and  to  analyze  these  data  for  individual  variability  which  can  be 
correlated  with  clinical  response  or  some  other  pharmacologic  parameter. 
Three  drugs  were  studied  during  the  second  contract  year  ( P en tamethylmel amine, 
Bruceantin,  and  continuous  infusion  Adriamycin) .   Pentamethylmelamine  and 
Bruceantin  were  selected  on  the  basis  of  expectation  of  impact  of  pharmaco- 
kinetic data  on  subsequent  scheduling,  availability  of  analytical  methodology, 
and  projected  clinical  interest  in  the  studies.   An  HPLC  assay  was  developed 
for  Pentamethylmelamine  and  pharmacokinetic  parameters  determined  in  25 
patients  at  varying  doses.   Assays  were  developed  for  the  demethylated 
metabolites  of  Pentamethylmelamine  so  that  these  potentially  active  compounds 
can  be  quantitated  simultaneously  with  parent  compound  in  subsequent  patients. 
A  radioimmunoassay  was  developed  for  Bruceantin  and  pharmacokinetic 
parameters  determined  in  patients  at  2  doses.   Continuous  infusion  Adriamycin 
is  currently  under  study.   The  primary  hypothesis,  that  lower  peak  plasma 
levels  of  Adriamycin  will  cause  less  cardiac  damage,  is  supported  by  data 
from  patients  receiving  960  and  1260  mg/m^  continuous  infusion  Adriamycin 
with  minimal  cardiac  changes  and  normal  cardiac  function.   Pharmacokinetic 
parameters  are  being  determined  in  patients  infused  for  48  to  96  hours. 


TEXAS,  UNIVERSITY  OF,  SYSTEM  CANCER  CENTER  (M.D.  ANDERSON  HOSPITAL  AND 
TUMOR  INSTITUTE   (N01-CM9-7277) 

This  contract  is  designed  to  conduct  phase  I  and  phase  II  studies  with  new 
anticancer  drugs  sponsored  by  the  Division  of  Cancer  Treatment.   The  phase  II 
studies  will  be  conducted  in  the  DCT  panel  tumors:   acute  leukemia,  lymphoma, 
melanoma,  and  carcinoma  of  lung,  breast,  and  colon. 


TEXAS,  UNIVERSITY  OF,  SYSTEM  CANCER  CENTER  (M.D.  ANDERSON  HOSPITAL  AND 
TUMOR  INSTITUTE   (N01-CP8-5655) 

This  is  one  of  10  contracts  on  the  subject  of  nutritional  assessment  which 
is  funded  by  the  Diet,  Nutrition,  and  Cancer  Program,  OD,  and  administered 
by  DCT.   This  contract  supports  studies  of  assessment  of  the  nutritional 
status  of  pediatric  cancer  patients.   In  addition  to  anthropometric  measure- 
ments, lymphocyte  function  is  being  measured  as  a  monitor  of  target  cell 
effects  of  undernutrition. 


150 


UPJOHN  COMPANY   (N01-CM7-7100) 

This  contract  has  for  its  primary  objective  the  research  and  development  of 
potentially  useful  antineoplastic  agents  from  fungi,  bacteria  and  actino- 
mycetes,  fermentation  beers,  including  isolation,  purification,  character- 
ization, and  production. 

The  Upjohn  Company  has  played  a  leading  role  in  the  development  and  exploita- 
tion of  cell  culture  methods,  both  for  assays  on  fractionation  samples  and 
for  primary  screening.   Leads  developed  from  this  screen  are  being  tested 
in-house  in  the  leukemia  in  vivo  screen  and  actives  are  given  top  priority 
for  chemical  fractionation. 


VANDERBILT  UNIVERSITY  MEDICAL  CENTER   (N01-CM7-7122) 

A  member  of  the  Lung  Cancer  Study  Group:   A  collaborative  group  of  six  (6) 
institutions  which  are  studying  early  non-oat  cell  lung  cancer  in  three  (3) 
protocols.   Resectable  Stage  I  tumors  are  randomized  (double  blind  trial)  to 
intrapleural  BCG  +  INH  x  12  weeks  versus  placebo  intrapleural  BCG  +  placebo 
INH  X  12  weeks.   Resectable  Stage  II  and  III  epidermoid  carcinoma  is 
randomized  to  observation  versus  radiation  to  tumor  bed  and  mediastinum 
versus  radiation  as  above  +  levamisole.   Stage  II  and  III  adenocarcinoma 
and  large  cell  carcinoma  are  randomized  to  a  three  drug  combination  of 
Cytoxan,  adriamycin,  and  cis-platinum  versus  intrapleural  BCG  +  levamisole. 
An  attempt  will  be  made  to  correlate  disease  course  with  certain  immune 
parameters  before,  during  and  after  surgery.   A  new  protocol  has  been 
recently  developed  comparing  chemotherapy  vs.  radiotherapy  vs.  chemotherapy 
plus  radiotherapy  in  patients  with  partially  resected  locally  advanced 
non-small  cell  carcinoma  of  the  lung. 


VERMONT,  UNIVERSITY  OF   (N01-CM3-3716) 

This  contract  was  completed  on  May  31,  1980.   The  "cancer  displays"  developed 
are  now  being  integrated  into  the  software  at  the  BCRP  and  are  being 
installed  for  upcoming  use  on  BCRP's  own  hardware  under  an  Intra-agency 
Agreement  (Y01~CM8-0109)  with  the  National  Center  for  Health  Services 
Research.   The  BCRP-PROMIS  communication  linkage  has  continued  to  function 
routinely  through  February  29,  1980  and  no  problems  or  changes  are  antici- 
pated through  May  31,  1980.   Display  development  has  continued  with  emphasis 
on  maintenance  -  such  as  information  updates. 


VERMONT,  UNIVERSITY  OF   (N01-CM9-7278) 

This  contract  is  designed  to  conduct  phase  I  clinical  studies  with  new  anti- 
cancer drugs  sponsored  by  the  Division  of  Cancer  Treatment  or  to  conduct 
phase  I  clinical  studies  with  new  combinations  or  regimens  mutually  agreed 
upon. 
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VETERANS  ADMINISTRATION   (Y01-CM7-0106) 

This  is  an  Interagency  Agreement  with  the  Veterans  Administration  Hospital 
to  conduct  the  Medical  Oncology  Branch  whose  primary  objective  is  to  study 
lung  cancer  and  other  adult  tumors  in  the  Veterans  Administration  Hospital. 
This  contract  was  originally  set  up  as  a  means  of  expanding  our  intramural 
capability  to  study  common  human  tumors.   Lung  cancer,  being  the  number  one 
cancer  killer  in  men,  was  selected  as  a  prime  target  for  clinical  trials 
with  cancer  chemotherapy.   Clinical  trials  and  related  laboratory  investi- 
gations have  been  designed  in  a  variety  of  tumors  seen  commonly  at  the 
Veterans  Hospital.   The  Veterans  Hospital  provides  a  remarkable  resource  of 
patient  material  for  studies  which  could  not  be  undertaken  at  the  Clinical 
Center.   This  medical  oncology  resource  allows  an  expansion  of  our  intramural 
drug-testing  effort. 


VETERANS  ADMINISTRATION   (Y01-CM7-0107) 

The  VA  Surgical  Oncology  Group  is  supported  under  this  Interagency  Agreement. 
This  Group,  which  has  been  in  existence  for  some  23  years,  conducts  trials 
evaluating  chemotherapy,  radiotherapy,  and/or  immunotherapy  as  adjuncts  to 
surgical  treatment  of  lung,  gastric,  pancreatic,  esophageal,  rectal,  colon, 
and  head  and  neck  carcinomas.   Ancillary  studies  include  the  identification 
of  prognostic  factors,  the  significance  and  evaluation  of  hormonal  markers 
and  CEA,  and  histopathologic  classification.   A  small  fraction  of  the  funding 
is  for  the  final  phaseout  year  of  the  VA  Lung  Cancer  Study  Group.   They  have 
closed  all  their  studies  and  are  in  the  process  of  preparing  final 
manuscripts. 


VETERANS  ADMINISTRATION  HOSPITAL  (SOUTH  CAROLINA)   (Y01-CM6-0102) 

The  objective  of  this  contract  is  the  synthesis  of  platinum  coordination 
complexes  which  show  high  anticancer  activity,  good  aqueous  solubility  and 
low  renal  toxicity.   Current  effort  is  focused  on  a  number  of  exploratory 
approaches  to  synthesize  selected  metal  complexes  including  oxidation  state 
modifications,  and  incorporation  of  novel  ligands  in  the  complexes. 
In  addition,  the  Contractor  screens  the  compounds  he  synthesizes  prior  to 
submission  to  NCI.   The  contract  will  terminate  in  FY '80. 


VSE  CORPORATION   (NOl-CMO-7251)   (FORMERLY  VALUE  ENGINEERING  COMPANY) 

This  contract  was  awarded  as  the  result  of  a  competition  held  in  calendar 
year  1979.   Data  processing  services  are  provided  to  the  Developmental 
Therapeutics  Program  by  this  contract.   The  scope  of  work  includes 
(1)  reducing  and  disseminating  information  developed  in  the  screening 
program  of  the  Drug  Evaluation  Branch  to  both  staff  and  the  suppliers  of 
the  compounds  being  tested;  (2)  documenting  all  computer  programs  and 
contractor's  procedures  for  data  handling  and  running  computer  programs; 
(3)  maintaining  computer  programs  so  that  they  are  able  to  run  in  the 
Division  of  Computer  Research  and  Technology  environment;  (4)  modify  the 
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VSE  CORPORATION   (NOl-CMO-7251)   (CONTINUED) 

existing  data  system  so  that  data  from  new  antitumor  systems  can  be  handled; 
(5)  refine  the  data  collection  methods;  (6)  providing  instructions  for 
screening  laboratories  and  suppliers  of  materials  relating  to  collection  and 
dissemination  of  data;  (7)  providing  output  for  statistical  evaluation  of 
test  systems  and  evaluation  of  test  system  parameters;  and  (8)  participation 
in  scientific  meetings. 

VSE  CORPORATION   (N01-CM8-7192)   (FORMERLY  VALUE  ENGINEERING  COMPANY) 

The  Drug  Distribution  and  Protocol  Monitoring  System  (DDPMS)  is  an  automated 
procedure  of  verifying  the  accuracy  of  requests  made  by  clinical  investigators 
for  investigational  and  commercial  anticancer  drugs.   This  verification  is 
mandated  by  the  Food  and  Drug  Administration  since  federal  law  requires  that 
drug  used  for  investigational  purposes  only  be  given  in  sufficient  quantity 
to  authorized  users  for  approved  protocols.   Verified  data  is  retained  and 
forms  a  drug  distribution  history  which  is  used  to  monitor  protocol  progress 
as  clinical  trials  progress.   This  protocol  monitoring  function  is  also  a 
Food  and  Drug  Administration  requirement  imposed  on  the  National  Cancer 
Institute.   The  DDPMS  is  composed  of  numerous  computerized  files  containing 
investigators  names  and  addresses,  the  protocol  information  file  (investigator 
name,  number,  approved  protocols,  drugs  dosage  form,  registration  record), 
the  IND  Drug  Activity  File  (drug  distribution  history  by  protocol)  and  the 
patient  report  file.   In  addition,  the  system  has  reading  capability  to 
retrieve  inventory  and  drug  cost  data  from  a  system  operated  by  the 
Pharmaceutical  Resources  Branch. 


WALTER  REED  ARMY  MEDICAL  CENTER   (Y01-CM8-0108) 

This  Interagency  Agreement  has  supported  Walter  Reed  Army  Medical  Center 
(WRAMC)  participation  in  the  conduct  of  collaborative  programs  for  clinical 
investigations  through  participation  in  the  chemotherapy,  immunotherapy, 
radiotherapy,  surgery,  and  pathology  activities  of  the  Cancer  and  Leukemia 
Group  B  as  a  full  group  member.   WRAMC  has  participated  actively  in  all  the 
protocols  of  the  Cancer  and  Leukemia  Group  B  and  entered  104  patients  in 
studies.   Also,  the  Principal  Investigator  and  staff  have  attended  all 
meetings  and  developed  multimodal  functions  in  medical  oncology,  pediatrics, 
pathology,  and  radiotherapy.   The  Principal  Investigator  was  involved  in 
the  planning  of  the  Head  and  Neck  Study  Program  and  the  Testicular  Study 
Program.   He  continues  to  be  a  medical  oncologist  in  the  Gynecologic 
Oncology  Group.   In  1979  the  WRAMC  Interagency  Agreement  was  terminated. 
The  WRAMC  submitted  a  grant  application  in  the  RIO  program  which  was 
recommended  for  funding  at  a  high  priority.   They  are  currently  supported 
for  membership  in  the  CALGB  by  RIO  grant  funds. 
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WARNER-LAMBERT /PARKE-DAVIS   (NOl-CMO-7292) 

This  contract  is  to  develop  a  protocol  method  of  producing  50  billion  units 
of  leukocyte  interferon  with  a  purity  of  3  x  10  units/mg  of  protein.   Fifty 
billion  units  meeting  all  Gmp  and  Bureau  of  Biologies  standards  will  be 
produced  in  the  two  years  of  this  contract. 

WARNER-LAMBERT /PARKE-D AVI S   (NO 1-CM8- 7124) 

This  service  preparative  contract  provides  for  the  resynthesis  of  a  variety 
of  compounds  required  for  clinical  or  preclinical  evaluation.   The  compounds 
prepared  are  not  readily  available  on  the  open  market  or  from  the  original 
supplier  in  the  amounts  required.   About  30%  of  the  effort  on  this  contract 
is  devoted  to  the  preparation  of  large  quantities  of  materials,  in  the  multi- 
kilogram  range,  requiring  pilot  plant  facilities. 


WASHINGTON,  UNIVERSITY  OF   (N01-CM9-7282) 

This  contract  provides  a  cyclotron  neutron  generator,  a  clinical  facility  in 
which  to  house  the  equipment,  and  personnel  to  support  a  clinical  neutron 
therapy  research  program  at  the  University  of  Washington.   The  subcontract 
for  the  fabrication  of  the  cyclotron  was  awarded  to  Scanditronix/Nucleotronix 
and  the  A/E  subcontract  for  the  building  addition  will  be  awarded  by  early 
May  1980.   The  facility  should  be  operational  in  early  1983. 


WAYNE  STATE  UNIVERSITY   (N01-CM6-7105) 

The  Contractor  conducts  phase  II/III  studies  in  patients  with  solid  dissemi- 
nated tumors.   A  minimum  of  400  patients  a  year  are  studied,  with  no  less  than 
25  patients  in  any  tumor  type.   These  patients  are  treated  intensively  with 
chemotherapy  either  alone  or  in  combination  with  radiotherapy,  immunotherapy 
or  surgery  in  protocols  agreed  upon  by  the  Project  Officer  and  Principal 
Investigator. 


WAYNE  STATE  UNIVERSITY   (N01-CM9-7279) 

This  contract  is  designed  to  conduct  phase  I  and  phase  II  studies  with  new 
anticancer  drugs  sponsored  by  the  Division  of  Cancer  Treatment.   The  phase  II 
studies  will  be  conducted  in  the  DCT  panel  tumors:   acute  leukemia, 
lymphoma,  melanoma,  and  carcinoma  of  lung,  breast,  and  colon. 
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WISCONSIN.  UNIVERSITY  OF   (N01-CM9-7280) 

This  contract  is  designed  to  conduct  phase  I  clinical  studies  with  new 
anticancer  drugs  sponsored  by  the  Division  of  Cancer  Treatment  or  to  conduct 
phase  I  clinical  studies  with  new  combinations  or  regimens  mutually  agreed 
upon, 

WISCONSIN,  UNIVERSITY   (N01-CM9-7289) 

This  contract  provides  cytotoxicity  screening  of  crude  natural  plant,  animal, 
and  microbiologic  products  for  potential  antitumor  activity.   Isolation  and 
purification  of  active  crude  materials  are  also  followed  by  means  of  these 
in  vitro  assays.   A  significant  effort  is  also  being  expended  on  development 
of  modified  assays  utilizing  less  material  and  less  time. 

WSA,  INC.   (N01-C08-5A06) 

Tasks  are  assigned  by  the  Project  Officer,  screened  from  requests  from  various 
sources.   Since  its  inception  five  tasks  have  been  satisfactorily  completed. 
This  contract  will  be  terminated  in  FY '80. 


YALE  UNIVERSITY  SCHOOL  OF  MEDICINE   (N01-CM4-3797) 

This  contract  is  designed  to  evaluate  a  combined  modality  protocol  employing 
radiotherapy  and  chemotherapy  in  the  treatment  of  locally  unresectable 
carcinoma  of  the  pancreas.   The  Contractor  is  also  performing  phase  II 
evaluations  of  single  agent  and  combination  chemotherapy  and  adjuvant  radio- 
chemotherapy  of  surgically  curable  disease. 


YALE  UNIVERSITY  SCHOOL  OF  MEDICINE   (N01-CM5-3843) 

This  contract  is  designed  to  explore  in  prospective  randomized,  controlled 
protocol  studies  (1)  the  value  of  adjuvant  chemotherapy  following  a  curative 
gastric  resection,  and  (2)  phase  III  evaluation  of  single  agent  and  combina- 
tion chemotherapy  regimens  in  advanced  disease,  as  well  as  phase  II  evalu- 
ations in  advanced  disease. 


YAMANOUCHI  PHARMACEUTICAL  CO.,  LTD.   (N01-CM9-7307) 

The  objectives  of  this  contract  are  to  provide  facilities  and  capabilities 
for  the  development  and  production  of  parenteral  investigational  dosage  forms 
for  the  Division  of  Cancer  Treatment.   The  Contractor  is  responsible  for 
conformity  to  U.S.  Current  Good  Manufacturing  Practices  and  for  completing 
all  required  analytical  testing  on  each  product  prepared.   In  addition,  the 
Contractor  is  responsible  for  stability  surveillance  on  all  dosage  forms 
produced.   All  products  are  packaged,  labelled  and  shipped  to  the  National 
Cancer  Institute  for  subsequent  redistribution  to  clinical  investigators. 
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REPORT  OF  THE  ASSISTANT  DIRECTOR  FOR  INTERNATIONAL  TREATMENT  RESEARCH 
OFFICE  OF  THE  DIRECTOR 

The  international  activities  of  the  Division  of  Cancer  Treatment  were 
broadened  during  the  year  and  the  various  programs  in  which  it  is  engaged 
continued  to  make  significant  progress.   The  Office  of  the  Assistant  Director 
for  International  Treatment  Research  which  coordinates  the  various  aspects 
of  the  program  has  been  functioning  since  1976  within  the  Office  of  the 
Director,  Division  of  Cancer  Treatment.   The  office  is  composed  of  A.  Goldin, 
Assistant  Director  for  International  Treatment  Research,  0.  Yoder,  NCI  Col- 
laborative Office  Representative,  Brussels,  Ethel  Meyer,  Secretary,  and 
Marlena  Gelboin,  Part-time  Clerk- Typist . 

The  primary  function  of  the  Office  for  International  Treatment  Research  is 
one  of  coordination  in  which  the  various  program  interests  of  the  Division 
of  Cancer  Treatment  are  related  to  international  treatment  research.   This 
encompasses  the  development  and  conduct  of  both  collaborative  clinical  and 
preclinical  programs,  the  monitoring  and  reporting  of  international  develop- 
ments in  treatment,  exchange  of  scientific  personnel,  information  exchange, 
surveillance,  procurement  and  exchange  of  synthetic  agents  and  natural 
products  for  the  screening  and  development  program  and  the  early  identifi- 
cation of  new  compounds  that  are  discovered  abroad  as  of  potential  clinical 
interest.   In  coordination  with  the  Office  of  the  Associate  Director  for 
International  Affairs,  NCI,  close  liaison  is  maintained  with  important  inter- 
national organizations  including  the  European  Organization  for  Research  and 
Treatment  of  Cancer  (EORTC) ,  the  International  Union  Against  Cancer  (UICC) , 
the  World  Health  Organization  (WHO) ,  the  Pan  American  Health  Organization 
(PAHO)  and  the  International  Agency  for  Research  on  Cancer  (lARC) . 

The  Cancer  Treatment  Research  Collaborative  Office  (liaison  office)  was 
established  in  Brussels  in  1972  at  the  Institut  Jules  Bordet.   It  provides 
an  important  service  function  for  the  international  program  of  the  Division 
of  Cancer  Treatment.   The  liaison  office,  headed  by  Dr.  Omar  Yoder,  provides 
a  reference  center  which  makes  available  to  research  workers  and  cancer 
specialists  in  the  United  States  and  Europe  a  large  body  of  pertinent  infor- 
mation on  the  ongoing  cancer  research  programs  of  both  continents.   It  pro- 
vides a  focal  point  for  interrelationships  with  European  pharmaceutical  and 
chemical  industries  and  in  the  collection  for  screening  and  evaluation  of 
candidate  antitumor  agents. 

The  Collaborative  Office  in  Brussels  has  become  well  known  to  the  scientific 
community  in  cancer  research  in  Europe  and  is  accepted  as  the  intermediary 
link  between  the  two  scientific  communities.  Western  Europe  and  North  America. 
In  this  regard  it  is  fulfilling  an  irreplaceable  function  which  is  that  of 
bringing  together  the  best  investigators  in  cancer  treatment  in  the  two 
continents  and  creating  the  contacts  between  individuals  having  common 
interests,  who  otherwise  might  find  it  difficult  to  exchange  ideas  and 
methods.   The  "liaison"  function  of  the  office  has  been  highly  useful  in 
promoting  studies  in  experimental  and  clinical  pharmacology  and  clinical 
trials,  exchange  of  professional  personnel  (physicians,  nurses,  biologists) 
as  well  as  in  the  organization  of  workshops  and  symposia  jointly  with 
American  and  European  participation. 
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The  Liaison  Office  provides  a  direct  linkage  with  the  EORTC,  particularly 
since  the  EORTC  headquarters  are  based  at  the  Institut  Jules  Bordet.  The 
EORTC  headquarters  include: 

a)  the  office  of  the  Division  of  Therapeutic  Research 

b)  the  coordinating  center  for  the  EORTC  cooperative  groups 

c)  the  Data  Center  which  handles  and  collects  data  on  clinical  trials 
from  Europe 

d)  many  of  the  chairmen  and/or  secretaries  of  the  cooperative  groups 

e)  the  EORTC  Foundation,  legally  registered  as  a  non-profit  organization 
under  Belgian  law,  which  provides  financial  support  from  European 
sources  to  the  EORTC. 

The  CICA  (Committee  for  International  Collaborative  Activities)  of  the  UICC 
selected  the  Institut  J.  Bordet  as  its  center  for  collection  and  dissemina- 
tion of  "international  cancer  patient  data  exchange  systems"  for  Europe  and 
the  USSR.   Financial  support  for  this  project  is  provided  by  the  Belgian 
Ministry  of  Health, 

The  editorial  staff  of  the  European  Journal  of  Cancer  is  located  at  the 
Institut  J.  Bordet.   The  EORTC  Monograph  series,  published  by  Raven  Press, 
New  York,  is  also  edited  at  the  Institut  Jules  Bordet. 

The  Brussels  Office  has  been  highly  active  in  the  collection  and  processing 
of  materials  for  antitumor  screening.   The  enclosed  Table  represents  a 
breakdown  of  the  various  countries  which  have  supplied  compounds  to  the  NCI 
Drug  Development  Program.   It  should  be  pointed  out  that  approximately  18 
percent  of  all  the  compounds  selected  for  tumor  panel  testing  by  the  NCI 
originate  from  Europe.   A  majority  of  these  compounds  came  through  the  NCI 
effort  in  Brussels.   An  additional  40  substances  with  confirmed  activity  are 
now  under  review  to  determine  possible  selection  for  tumor  panel  testing.   It 
is  anticipated  that  a  significant  number  of  these  will  be  selected  for 
further  development.   The  input  from  the  European  program  represents  a  rather 
large  contribution  given  the  fact  that  a  very  small  percentage  of  the  Drug 
Development  Program  is  allocated  for  the  activities  in  Europe  (less  than 
1  percent) .   The  Institut  Jules  Bordet  also  has  the  facilities  for  testing 
new  compounds  coming  from  European  sources.   Since  the  European  firms  have 
the  possibility  of  submitting  their  compounds  for  testing  in  Brussels,  they 
are  encouraged  to  actively  participate  in  the  synthesis  of  new  structures. 
Several  firms  not  involved  in  the  cancer  field  until  recently  have  now 
appropriated  substantial  support  for  synthetic  programs  as  a  result  of  their 
collaboration  with  this  Office. 

Several  new  compounds  of  clinical  interest  are  currently  being  developed 
toward  clinical  trial.   One  of  particular  interest,  now  in  Phase  I  study  is 
NSC  296934  which  was  supplied  by  a  firm  in  Germany.   This  compound  was 
discovered  approximately  two  years  ago  in  Brussels  and  has  undergone  all  the 
necessary  preclinical  toxicology  in  Europe  without  any  direct  cost  to  the 
NCI  program.   A  sulfate  derivative  of  Platinum:   NSC  311065  will  also  be 
tested  in  clinical  trial  in  the  near  future.   Thioproline  (Norgamen)  is 
currently  in  Phase  II  clinical  trial  in  the  EORTC. 
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PANEL  COMPOUNDS  FROM  EUROPEAN  COUNTRIES   PANEL  COMPOUNDS  FROM  OTHER  COUNTRIES 

4   Australia  10 

9   Brazil 


Austria 

Belgium 

Denmark 

East  Germany 

England 

France 

Greece 

Holland 

Hungary 

Ireland 

Italy 

Romania 

Spain 

Sweden 

Switzerland 

West  Germany 


10   Canada 

1   India 
55   Israel 
14   Iran 

1   Japan 
14   New  Zealand 

1  Taiwan 

2  USSR 
9 

2 
7 
8 
6 
65 


1 
3 
2 
3 
1 
82 
3 
1 
8 


TOTAL 

Approximately:   18% 


Total  compounds  currently  in  Panel  at  NCI 
(as  of  Feb.  28,  1980) 


208   TOTAL 

Approximately:   9% 
:1200 


114 
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The  Instltut  Jules  Bordet  in  collaboration  with  the  EORTC  and  the  NCI  is 
planning  to  expand  the  drug  development  program  for  Phase  I  and  Phase  II 
clinical  trials.   New  drugs  will  be  tested  in  Europe  without  major  expense  to 
the  participating  institution  since  most  of  the  patient  care  as  well  as  the 
consulting  physicians'  and  nurses'  salaries  are  covered  by  the  individual 
social  security  systems.   The  only  major  expense  is  the  administration  costs 
and  the  data  evaluation.   In  view  of  the  fact  that  the  NCI's  resources  are 
limited  and  quite  frequently  a  choice  has  to  be  made  to  select  only  one  new 
drug  for  further  development  out  of  a  series  of  possible  candidates,  the 
active  collaboration  with  the  EORTC  makes  it  possible  to  develop  in  Europe 
analogues  of  such  compounds  in  parallel  with  the  NCI.   Such  a  program  can  be 
carried  out  without  any  financial  burden  to  the  NCI  program.   Taking  this 
approach,  NCI  can  substantially  increase  the  number  of  new  drugs  evaluated 
in  the  clinic  at  no  additional  cost  to  the  taxpayer.   This  is  particularly 
important  at  a  time  of  tight  budget. 

Currently  there  are  approximately  88  studies  in  progress  in  the  EORTC  clini- 
cal cooperative  groups.   The  EORTC  Coordinating  and  Data  Center  continues  to 
play  a  very  important  role  in  the  evaluation  of  these  studies  for  the  250 
institutions  involved  in  the  trials.   More  than  8000  patients  in  Europe  are 
monitored  by  the  Data  Center.   The  Coordinating  and  Data  Center  provides 
central  coordination  for  the  activities  of  the  EORTC  groups  and  makes  avail- 
able to  the  groups  a  wide  range  of  statistical  and  data  processing  expertise, 
including  advice  on  study  design  as  well  as  analysis  and  reporting  of  results, 
at  a  central,  and  hence  economical  location.   The  Data  Center,  which  is 
located  at  the  Institut  Jules  Bordet  in  Brussels,  uses  two  powerful  CDC  com- 
puters of  the  Free  University  of  Brussels.   Its  full  time  staff  comprises 
two  MDs,  3  statisticians,  3  computer  analysts,  8  data  managers  and  4  secre- 
taries. 

The  clinical  cooperative  groups  have  organized  themselves  under  the  auspices 
of  the  EORTC  to  carry  out  collaborative  work,  aimed  at  the  clinical  evalu- 
ation of  new  drugs  and  treatment  of  cancer.   Through  this  cooperation,  data 
on  therapeutic  results  from  a  large  number  of  patients  are  collected  at  a 
much  faster  rate  than  within  any  of  the  clinical  centers  alone. 

In  response  to  the  effort  by  the  NCI  in  Brussels,  the  European  Economic  Com- 
munity is  now  contributing  a  substantial  portion  of  the  financial  support  to 
the  EORTC  Data  Center. 

The  foreign  exchange  program  in  oncology  nursing  continues  to  make  highly 
significant  progress.   During  the  past  year  three  nurses  were  exchanged 
through  the  program.   Miss  N.  Coccovini  from  the  Royal  Marsden  Hospital  in 
London  spent  six  months  at  the  Clinical  Center  at  the  NIH.   Miss  P.  Greene 
from  North  Carolina  spent  six  months  at  the  Manchester  University  Hospital 
in  Great  Britain.   Mrs.  D.  Weerts  from  the  Institut  Jules  Bordet,  Brussels, 
is  currently  spending  six  months  at  the  Clinical  Center  at  NIH.   Because  of 
the  great  interest  in  the  program,  the  Fulbright  Commission  has  assumed  the 
responsibility  for  review  and  selection  of  the  candidates.   It  is  anticipated 
that  the  recognition  of  this  program  by  the  Fulbright  Commission  will  attract 
a  large  number  of  excellent  candidates. 
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During  the  year  several  symposia  were  organized  with  joint  American  and  Euro- 
pean participation  in  Brussels  and  Paris. 

Collaborative  and  scientific  work  continues  to  be  reported  in  the  European 
Journal  of  Cancer,  the  official  organ  of  EORTC.   In  addition,  an  EORTC  News- 
letter is  published  with  information  on  Council  and  cooperative  group  activi- 
ties and  other  news  of  general  interest.   Two  book  series  are  being  edited 
regularly  by  EORTC.   The  EORTC  Monograph  Series  (Raven  Press,  New  York)  edited 
by  M.  Staquet,  deals  with  topics  selected  for  EORTC  symposia  and  the  EORTC 
Cancer  Chemotherapy  Annual  Series  (Excerpta  Medica,  Amsterdam),  edited  by 
H.  Pinedo  reports  on  recent  advances  in  drug  therapy. 

There  were  eleven  program  related  publications  during  the  year.   Four  addi- 
tional papers  have  been  submitted  for  publication. 

FRANCE 

The  French-American  Agreement  for  clinical  trials  and  treatment  research  which 
involves  the  Division  of  Cancer  Treatment,  NCI,  and  the  Institut  National  de 
la  Sante  et  de  la  Recherche  Medicale  (INSERM) ,  plus  respective  affiliated 
institutions,  continued  its  notable  record  of  accomplishment.   The  inter- 
action between  the  French  and  American  scientists  was  quite  active  and  con- 
tinued to  result  in  productive  accomplishment.   Program  projects  emphasized 
during  the  year  encompassed  development  of  antitumor  drugs,  preclinical  and 
clinical  pharmacology  and  biochemistry  as  related  to  specific  projects  and 
Phase  I  and  II  clinical  trials.   Successful  project  accomplishment  neces- 
sitated joint  planning,  collaboration,  intervisits  of  senior  investigators, 
training  of  scientific  personnel,  and  exchange  of  information  and  antitumor 
drugs.   Collaborative  projects  have  included  (a)  Phase  I  and  II  clinical 
trials  involving  nitrosoureas,  platinum  derivatives,  anthracy lines  and  new 
Phase  II  trials  with  exchange  drugs  including  AMSA,  pentamethylmelamine, 
Phosphonacetyl  aspartic  acid  (PALA)  and  diglycoaldehyde;  (b)  Clinical  Bio- 
chemical-Pharmacology with  emphasis  primarily  on  methotrexate  and  5-fluorour- 
acil;  (c)  Plasmapheresis  studies  involving  the  influence  on  immune  function 
and  therapy;  (d)  Osteosarcoma  protocols  with  high  dose  methotrexate  and 
radiation;  (e)  Phase  III  gastrointestinal  tumor  protocols  utilizing  5- 
f luorouracil,  adriamycin  and  mitomycin  C.   (f)  Resistant  breast  cancer  studies 
including  the  addition  of  mithramycin  to  the  chemotherapy  of  bone-dominant 
breast  cancer.   (g)  Hyperalimentation  in  conjunction  with  chemotherapy  in  lung 
cancer  patients.   (h)  Hyperthermia  Involving  primarily  information  exchange 
pending  the  availability  of  additional  hyperthermia  suits.   (i)  Liposomes  and 
other  carrier  molecules  for  selective  delivery  of  cytolytic  agents.   (j) 
Clinical  combination  chemotherapy  including  cis-platinum  combinations, 
fluorouracil  and  thymidine  and  other  combinations  involving  pertinent  phara- 
cologic  and  biochemical  rationales. 

A  joint  committee  meeting  of  the  French-American  Agreement  on  Clinical  Trials 
and  Treatment  Research  was  held  at  INSERM,  December  4-5,  1979,  at  which  it 
was  agreed  that  there  is  a  need  to  have  periodic  changes  in  the  composition 
of  the  committee  in  order  to  allow  for  input  of  fresh  approaches.   The  newly 
constituted  committee  in  which  there  is  partial  retention  of  initial  member- 
ship is  as  follows: 
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American  Coiranittee  members: 


Dr.  V.T.  DeVita 

Dr.  J.S.  Macdonald 

Dr.  A.  Goldin 

Dr.  P.  Schein 

Dr.  E.  Mihich 

Dr.  D.  Goldman 

Dr.  T.  Phillips 

Dr .  S .  Murphy 

Dr.  A.  Fefer 

Dr.  W.  Blot 


NCI,  Bethesda,   USA  Chairman 

NCI,  Bethesda 

NCI,  Bethesda 

Georgetown  University,  Washington 

Roswell  Park,  Buffalo 

Virginia  Commonwealth  University,  Richmond 

University  of  California,  San  Francisco 

St.  Jude's  Children's  Res.  Hospital,  Memphis 

University  of  Washington,  Seattle 

NCI,  Bethesda 


French  Committee  members  : 


Dr. 

G. 

Mathe 

Dr. 

E. 

E.  Baulieu 

Dr. 

G. 

de  The 

Dr. 

M. 

Boiron 

Dr. 

J. 

P.  Cano 

Dr. 

E. 

De  Maeyer 

Dr. 

L. 

Israel 

Dr. 

C. 

Lagarde 

Dr. 

C. 

Paoletti 

Dr. 

M. 

Tubiana 

Dr. 

M. 

Weil 

Hopital  Paul  Brousse,  Villejuif,  French  Chairman 
Hopital-Hospice  de  Bicetre,  Le-Kremlin-Bicetre 
Faculte  de  Medecine  Alexis  Carrel,  Lyon 
Hopital  Saint-Louis,  Paris 
Service  Commun  National  no.  16,  of  Toxicology  and 

Pharmacology,  Marseille 
Institut  Curie,  Orsay 
Hopital  Avicenne,  Bobigny 
Fondation  Bergonie,  Bordeaux 
Institut  Gustave-Roussy,  Villejuif 
Institut  Gustave-Roussy  -  Paul-Brousse,  Villejuif 
Hopital  Saint-Louis,  Paris 

At  the  December  4-5,  1979  meeting,  there  was  a  review  of  the  accomplishments 
and  current  status  of  the  above  projects.   At  the  joint  meeting  general 
approaches  for  the  future  were  considered.   During  the  initial  3  year  period 
the  group  involved  in  the  French-American  Agreement  was  smaller  and  the 
primary  responsibility  was  to  examine  investigatory  areas  that  might  be  most 
fruitful.   Since  at  this  point  such  areas  have  been  identified  and  progress 
is  being  made  it  was  considered  necessary  to  subject  each  of  the  areas  to 
careful  examination.   A  subcommittee  approach  appeared  to  be  most  suitable 
and  was  agreed  upon  at  the  December  4-5,  1979  meeting  in  Paris.   Up  to  this 
point  in  the  program  the  committee  meetings  had  consisted  of  a  series  of 
scientific  presentations  constituting  a  program  review.   It  was  clear  at  this 
meeting  that  although  the  approach  had  been  largely  successful,  with  more 
extensive  program  development,  it  had  proven  unwieldly.   The  planned  approach 
then  is  to  have  each  subcommittee  meet  first  and  then  join  in  plenary  session 
at  the  annual  meetings  with  a  report  and  recommendations.   Subcommittees  that 
were  suggested  include: 


1.  Subcommittee  on  Clinical  Trials 

2.  Subcommittee  on  Clinical  Biochemical  Pharmacology 

3.  Subcommittee  on  Biological  Response  Modifiers 

4.  Subcommittee  on  Radiation  sensitizers,  Radiopotentiators  and 

Combined  Radiation  Modalities 
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It  was  proposed  and  accepted  that  in  addition  to  the  designated  connnittee 
members  for  each  of  the  subcommittees,  former  members  of  the  committee  serve 
as  a  resource  for  participation  in  special  areas  of  interest  on  an  ad  hoc  or 
more  regular  basis  when  necessary.   In  addition,  ad  hoc  experts  may  be  asked 
to  participate  in  special  programs  when  desirable  in  accordance  with  the 
precedent  that  had  already  been  established. 

1.   Subcommittee  on  Clinical  Trials 


The  subcommittee  is  constituted  as  follows: 

Dr.  J.  Macdonald  NCI  Chairman 

Dr.  P.  Schein  Georgetown  University 

Dr.  D.  Kisner  NCI 

Dr.  A.  Goldin  NCI 

Dr.  C.  Jasmin  Villejuif 

Dr.  P.  Ribaud  Villejuif 

Dr.  M,  Marty  St.  Louis 

The  role  of  the  subcommittee  encompasses: 

1)  Exchange  of  drugs  based  on  preinformation  of  preclinical  data  on  new 
prospective  antitumor  agents  emanating  from  the  program;  and  clinical 
data  where  available. 

2)  Review  of  plans  for  clinical  trials. 

3)  Development  of  mechanism  of  standardization  of  Phase  I,  II  and  III 

trials  for  the  French-American  agreement. 

4)  Monitoring  of  trials  performed  in  the  group. 

5)  Suggestion  of  new  trials  for  presentation  to  the  main  U.S. -French 

Committee. 

A  brief  subcommittee  meeting  was  held  in  Paris,  December  5,  1979.   Informa- 
tion is  being  exchanged  and  a  workshop  is  planned  during  the  summer  of  1980. 
The  workshop  will  explore  the  questions  of  a)  Potential  drugs  for  exchange; 
b)  Methodology  for  Phase  II  trials  for  anthracyclines,  maytansine  and  other 
drugs  in  previously  untreated  patients.   On  the  basis  of  the  workshop  the 
subcommittee  plans  to  develop  a  document  as  a  program  guide. 

The  work  of  the  subcommittee  will  require  both  preclinical  and  clinical 
input. 

II.   Subcommittee  on  Clinical  Biochemical  Pharmacology 

The  subcommittee  has  been  composed  of 
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Dr. 

Mihich 

Chairman 

Dr. 

Mathe 

Co-chairman 

Dr. 

Chabner 

Dr. 

Go Id in 

Dr. 

Meyer 

With  the  rotation  of  staff  the  subcommittee  will  undergo  some  reorganization. 

The  role  of  the  subcommittee  encompasses  the  investigation  of  multiple  phar- 
macological and  biochemical  determinants  of  drug  action.   Such  study  may  pro- 
vide a  basis  for  a)  measurement  of  these  parameters  in  man  and  the  design  of 
"tailored"  chemotherapy  regimens  in  individual  patients;  b)  the  design  of 
regimens  exploiting  the  modulation  of  antimetabolite  action  by  metabolites; 
c)  the  development  of  new  drugs  and  treatments  stemming  from  concepts 
developed  in  these  studies. 

The  subcommittees  on  Biological  Response  Modifiers  and  on  Radiation  Sensi- 
tizers, Radiopotentiators  and  Combined  Radiation  Modalities  are  in  the  pro- 
cess of  being  activated. 

An  Advanced  Seminar  on  Clinical  Biochemical  Pharmacology,  organized  by  the 
Subcommittee  of  Clinical  Biochemical  Pharmacology  was  held  on  November  29-30, 
1979  at  the  Hopital  Paul-Brousse  in  Villejuif .   The  workshop,  which  was  highly 
successful,  focused  on  the  pharmacokinetics  of  antitumor  agents  and  target 
determinants  of  drug  action,  drug  transport,  the  pharmacology  and  biochemistry 
of  antitumor  agents,  the  modulation  of  antimetabolites  by  metabolites,  and 
the  rational  development  of  new  drugs. 

There  was  strong  participation  of  members  of  the  USA-French  Committee  members 
in  the  Fifth  Congress  of  the  Medical  Oncology  Society  in  Nice,  December  1-3, 
1979  as  well  as  at  the  Chemopharmacology  and  Immunopharmacology  Symposium  in 
Paris,  June  20-23,  1979. 

There  has  been  a  number  of  intervisits  in  this  program  for  scientific  and 
technical  exchange  and  conferences. 

There  has  been  a  number  of  publications  under  this  agreement.  Notably,  the 
proceedings  of  the  Advanced  Seminar  on  Clinical  Biochemical  Pharmacology  is 
in  process  of  publication. 

JAPAN 

Following  the  renewal  for  a  second  five  year  period  of  the  bilateral  collab- 
orative program  between  the  NCI  and  the  Japan  Society  for  the  Promotion  of 
Science  in  November  1978,  the  Treatment  Research  Program  has  been  making 
steady  progress.   The  steering  committee  for  the  Treatment  Research  Program 
is  constituted  as  follows: 

U.S. A:   S.  Carter  (Coordinator),  J.  Macdonald,  F.  Muggia,  A.  Goldin,  J.  Douros, 
G.  Sheline  and  S.  Rosenberg.    Japan:   Y.  Sakurai  (Coordinator),  H.  Umezawa, 
M.  Ogawa,  S.  Hattori  and  H.  Koyama. 
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Activities  include  information  exchange  and  the  pursuit  of  collaborative  pro- 
tocols.  There  is  a  strong  emphasis  in  the  program  on  chemotherapy,  radiation 
oncology  and  immunotherapy.   Multidisciplinary  approaches  are  being  emphasized 
in  the  specific  disease  areas  lung  cancer,  gastric  cancer,  breast  cancer 
and  bladder  cancer. 

Of  the  three  symposia  planned  per  year,  including  the  annual  program  review, 
the  third  was  held  on  January  25  to  February  1,  1980,  in  Japan  on  lung  cancer. 
This  symposium  incorporated  a  broad  approach  involving  related  disciplines 
including  chemotherapy,  immunotherapy,  and  radiation  oncology  with  emphasis 
on  the  utilization  of  combined  modality  approaches  to  treatment  of  lung  can- 
cer.  Dr.  J.  Macdonald  was  the  primary  DCT  participant  in  the  symposium  and 
presented  data  on  drugs  under  current  clinical  evaluation  including  PCNU, 
deoxycoformycin,  m-AMSA,  methyl-G  and  DON  and  combination  chemotherapy  studies 
in  the  treatment  of  non-oat  cell  cancer.   There  continues  to  be  a  strong 
interest  in  Japan  in  biochemical  pharmacology  and  analog  development  and 
increasing  attention  to  the  conduct  of  carefully  designed  clinical  trials, 
particularly  critical  in  combination  chemotherapy  and  combined  modality  in- 
vestigations.  There  is  an  increasing  level  of  sophistication  in  Japan  in 
both  the  pathology  and  surgery  of  lung  cancer.   Progress  in  the  treatment  of 
oat  cell  cancer  of  the  lung  was  reviewed  including  combined  modality  manage- 
ment, with  emphasis  on  the  need  for  attention  to  the  problems  of  relapse  at 
the  site  of  the  primary  tumor.   Studies  to  date  seem  to  point  to  survival 
benefit  in  patients  treated  with  radiation  and  alternating  chemotherapy  regi- 
mens.  The  use  of  intralesional  BCG  injection  in  treatment  of  primary  non- 
oat  cell  cancers  and  pulmonary  metastatic  lesions  was  reviewed  with  the  sug- 
gestion that  this  approach  might  have  some  value  in  the  management  of  sub- 
clinical Ijmiph  node  metastases.   The  Japanese  are  conducting  interesting 
studies  on  early  diagnosis  and  treatment  of  non-oat  cell  lung  cancer  uti- 
lizing hematoporphyrin  and  bronchoscopy  with  a  low  energy  laser.   Hematopor- 
phyrin  concentration  in  tumors  and  fluorescence  on  laser  exposure  may  increase 
the  sensitivity  of  detection  of  micrometastatic  lesions.   The  importance 
of  careful  surgical  staging  with  the  cooperation  of  good  pathologists  was 
stressed.   The  Japanese  contribution  to  treatment  in  this  area  is  significant 
in  the  discovery  of  new  drugs  and  in  the  investigation  of  novel  techniques 
and  treatment  procedures. 

The  program  on  Contract  N01-CM-2205A  "Operation  of  a  Collaborative  Office  for 
Cancer  Chemotherapy  Research"  with  Dr.  Yoshio  Sakurai,  Director  of  the  Cancer 
Chemotherapy  Center,  Japanese  Foundation  for  Cancer  Research  in  Tokyo,  as 
principal  investigator,   continued  to  make  good  progress  and  to  contribute 
significantly  to  the  Division  of  Cancer  Treatment  program.   The  contract  is 
a  cost-sharing  one  in  which  most  of  the  expenses  are  assumed  by  the  Japanese 
Foundation  for  Cancer  Research.   There  was  significant  activity  in  drug  col- 
lection, screening  and  evaluation,  surveillance  of  new  drugs  in  preclinical 
and  clinical  trial,  clinical  investigations,  information  exchange  and  general 
liaison  activities.   The  data  obtained  in  the  screening  program  are  entered 
into  the  DCT  computer  program  on  a  routine  basis  and  active  drugs  are  sent  to 
the  DCT.   On  the  order  of  35-40  materials  continue  to  be  collected  per  month 
including  synthetics  and  natural  products.   In  the  period  June  20,  1978 
through  June  19,  1979,  304  synthetics  and  36  natural  products  were  collected 
from  33  suppliers  for  a  total  of  340,  and  1453  tests  were  conducted  during 
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this  period  in  the  P388  and/or  L1210  systems.   From  June  20,  1979  through 
February  1980,  204  synthetics  and  47  natural  products  for  a  total  of  251  were 
collected  from  24  institutions  and  1149  tests  were  conducted  in  the  P388  and/ 
or  L1210  systems.   The  data  were  submitted  for  processing  to  B.J.  Abbott  and 
Value  Engineering  Company. 

During  the  period  June  20,  1978-June  19,  1979,  synthetic  structures  listed 
include: 

(a)  A  number  of  analogs  of  cis-dichlorodiammine  platinum  (II) . 
These  include  derivatives  with  the  non-leaving  ligands; 
1,2-diaminocyclopentane;  l-amino-2-aminomethyl  cyclohexane; 
152-propandiamine;  and  2,4-pentanediamine.   For  the  complexes  of 
1,2-diaminocyclohexane)  isomers,  D-glucuronato  (trans-1-1, 
2-diaminocyclohexane)  Pt(II)  (NSC-289561)  showed  marked  activity 

in  both  leukemias  P388  and  L1210.   This  drug  is  being  characterized 
further  with  respect  to  schedule  dependency  and  the  influence  of 
route  of  administration. 

(b)  5-Fluorouracil  derivatives 

(c)  Amidine  hydrazone 

(d)  Acylamino  1,3,4  thiadiazole 

(e)  Thiophene  sulfonylamide 

(f)  Cyanines 

Among  the  natural  products  is  included  an  active  polypeptide  extracted  from 
Pseudomonas  cruciviae. 

During  the  period  June  20,  1979  through  February  19,  1980,  active  materials 
discovered  include: 

Synthetics: 

1.  cyanines  5.  5-Fluorouracil  analogs 

2.  acylamino  hydrazones  6.  cytosine  arabinoside  analogs 

3.  amidine  hydrozones  7.  nitrosoureas 

4.  imidazolyl  carboxamide  analogs 

Natural  Products 

1.  fatty  acid  esters  of  crude  nagilactone-mixture 

2.  anthracycline  antibiotics 

3.  mitomycin  C  derivatives 

5-carbamoyl-lH-imidazol-4-yl-l-adamantonecarboxylate  and  5-carbamoyl 
lH-imidazol-4-yl  piperonylate  are  under  more  detailed  investigation  in 
animal  tumor  systems. 

4 
In  addition,  N  -behenoyl-Ara-C  which  was  prepared  earlier  in  Japan  and 

developed  for  the  clinic  is  undergoing  clinical  investigation. 

GANU,  a  Japanese  nitrosourea  derivative,  which  is  undergoing  clinical  trial 
has  been  provided  to  the  DCT  program. 
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Information  exchange  continued  to  be  highly  useful  in  keeping  DCT  updated  on 
preclinical  and  clinical  activities  in  Japan.   This  Included  provision  of 
translated  titles  of  abstracts  from  Japanese  (about  50  per  month)  pertaining 
to  anticancer  agents  and  cancer  therapy,  from  pharmaceutical  and  medical 
journals  in  Japan.   In  addition,  in  response  to  requests  from  DCT  staff,  spe- 
cific abstracts  were  made  available.   Selected  publications  of  interest  were 
also  submitted  to  DCT. 

Information  submitted  to  DCT  included: 

Reports  on  scientific  meetings 

Summarized  clinical  data  and  papers 

Titles  of  Japanese  papers  and  provision  of  abstracts 

During  the  period  June  20,  1978  -  June  19,  1979,  information  submitted 

included: 

Proceedings  of  scientific  meetings  -  195 

Summarized  clinical  data  -  11 

Titles  of  abstracts  -  958 

Scientific  meetings  attended  -  33 

During  the  period  June  20,  1979  -  February  19,  1980,  information  submitted 

included ; 

Proceedings  of  scientific  meetings  -  153 

Summarized  clinical  data  -  5 

Titles  of  abstracts  -  622 

Scientific  meetings  attended  -  28 

During  the  period  June  20,  1979  -  February  19,  1980,  proceedings  of  scientific 

meetings  provided  include: 

1.  The  38th  Annual  Meeting  of  the  Japanese  Cancer  Association 

2.  The  27th  Annual  Meeting  of  the  Japan  Society  for  Chemotherapy 

Clinical  data  or  papers  provided  by  Dr.  Ogawa,  the  principal  clinical  investi- 
gator, covered: 

Status  of  nitrosoureas  being  developed  in  Japan 

Clinical  studies  of  Aclacinomycin  A 

Phase  I  study  of  the  new  antitumor  drug  l-hexylcarbamoyl-5-f luorouracil  (HCFU) 

on  Oral  Administration 
Phase  I  -  II  Study  of  4-Hydroperoxyisophosphamide 

Continued  progress  was  made  in  the  clinical  program,  which  has  been  conducted 
essentially  with  Japanese  funds,  as  their  input  to  the  cost-sharing  in  this 
contract.   Dr.  Makoto  Ogawa  is  a  leading  Japanese  clinical  investigator  and 
his  recruitment  into  the  program  filled  an  important  gap  which  already  has 
been  transforming  the  clinical  program  into  a  focal  center  for  our  clinical 
collaboration  and  liaison  in  Japan.   Dr.  Ogawa  is  in  charge  of  the  clinical 
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investigations  at  the  Cancer  Chemotherapy  Center.   Sixty-one  beds  are  in  use 
at  the  Cancer  Institute  Hospital  and  nine  doctors  are  engaged  under  his 
direction  in  the  clinical  investigations  with  both  inpatients  and  outpatients. 
In  the  last  year.  Phase  I  studies  were  conducted  with  Aclacinomycin  A, 
N  -behenoyl-cytosine  arabinoside,  the  nitrosourea  derivatives  GANU  and  MCNU, 
Pepleomycin,  an  analog  of  bleomycin  of  considerable  interest,  neothramycin 
and  fibroblast  interferon.   Phase  II-III  studies  were  conducted  with  DTIC, 
cis-platinum,  VP-16  and  m-AMSA. 

A  number  of  protocols  are  underway  with  investigational  drugs,  with  NCI  spon- 
sorship, including:   (a)  6-Thioguanine  for  combination  chemotherapy  of  acute 
non- lymphocytic  leukemia;  (b)  DTIC  for  the  treatment  of  malignant  melanoma 
and  for  the  treatment  of  sarcoma;  (c)  Cis-platinum  for  the  treatment  of  tes- 
ticular and  ovarian  cancer  and  for  the  treatment  of  non-oat  cell  carcinoma 
of  the  lung  and  endometrial  cancer  of  the  uterus;  (d)  BCNU  for  the  treatment 
of  gastric  cancer  in  collaboration  with  the  U.S. -Japan  Joint  Study  for  Ad- 
vanced Gastric  Cancer;  (e)  VP-16-213  for  the  treatment  of  small  cell  carcinoma 
and  lymphoma;  (f)  m-AMSA  for  the  treatment  of  acute  non-lymphocytic  leukemia 
refractory  to  previous  treatments. 

In  addition,  a  collaborative  clinical  trial  of  advanced  gastric  cancer  is 
underway  under  a  joint  protocol  which  was  adopted  in  1978  as  a  project  of 
the  U.S. -Japan  Cooperative  Research  Program  between  the  NCI  and  Japanese 
Society  for  Promotion  of  Science.   The  Cancer  Chemotherapy  Center  is  respon- 
sible for  the  management  of  the  trial  and  Dr.  Makoto  Ogawa  is  serving  as 
the  Executive  Secretary.   Dr.  Ogawa  attended  the  NCOG  meeting  in  November 

1978  in  San  Francisco  to  present  the  ongoing  data  for  the  collaborative  ad- 
vanced gastric  cancer  trial  and  for  review  of  the  chemotherapy  of  advanced 
gastric  cancer  in  Japan  with  the  combination  of  Adriamycin,  Mitomycin  C,  and 
5-FU  or  Ftorafur.   He  also  attended  the  NCOG  meeting  held  on  October  12-13, 

1979  in  San  Francisco  for  presentation  of  data  and  discussion  of  new  protocols. 

On  Dr.  M.  Ogawa' s  staff  are  two  experienced  clinical  investigators,  Drs.  Jiro 
Inagaki  and  Noboru  Horikoshi,  both  of  whom  have  American  training. 

Leadership  in  the  clinical  effort  on  this  contract  has  been  in  transition, 
with  the  departure  of  Dr.  F.  Muggia  and  the  assumption  of  de  facto  coordina- 
tion of  the  clinical  effort  on  this  contract  by  Dr.  J.  Macdonald.   This 
transition  is  being  accomplished  smoothly. 

This  contract  continues  to  be  in  close  coordination  with  the  contract  of 
Dr.  H.  Umezawa  (Dr.  J.  Douros,  project  officer)  particularly  in  relation  to 
natural  products.   In  order  to  coordinate  the  two  contact  activities  further 
and  in  relation  to  the  total  therapy  effort  in  Japan  and  the  input  to  DCT, 
Dr.  J.  Douros  has  now  been  appointed  as  Co-Project  Officer  on  the  Collaborative 
Office  contract  (Contract  NOl-CM-22054)  and  with  several  visits  to  Japan  is 
having  a  strong  impact  on  program  progress. 

The  two  contact  activities  do  indeed  fortify  each  other,  and  because  of  the 
prestigious  status  of  the  investigators  and  their  formal  association  with 
DCT,  an  entree  continues  to  be  provided  to  DCT  into  essentially  all  of  the 
cancer  therapy  and  associated  activities  in  Japan. 


USSR 

The  collaborative  monograph  "Experimental  Evaluation  of  Antitumor  Drugs  in 
the  USA  and  USSR  and  Clinical  Correlations,"  which  is  being  published  as  a 
National  Cancer  Institute  Monograph  is  in  press  and  it  is  projected  that  it 
will  be  published  during  1980.   This  monograph  will  appear  both  in  English 
and  in  Russian. 

Progress  continues  in  preclinical  drug  exchange  and  in  the  gathering  of  data 
in  the  USA  and  USSR  tumor  model  systems.   This  aspect  of  the  program  is  a 
combination  of  the  studies  that  have  been  in  progress  since  the  inception 
of  the  program.   Similarly  there  is  continuing  exchange  of  drugs  for  clinical 
evaluation. 

Soviet  drugs  sent  recently  to  the  USA  include  Prospidine,  Ftorafur  (oral 
formulation),  Aranose  (formulated  for  preclinical  tests),  Dioxadet  and  Bipho- 
lar.  USA  drugs  made  available  recently  to  the  USSR  include  Cis-platinum, 
AMSA,  Tamoxifen,  Methyl  GBG,  5-methyltetrahydro-homofolic  acid,  4-vinyl 
pyridoxal,  2, 4-vinyl  pyridoxal.  Imidazole  pyrazole.  Baker's  antifol  and 
pentamethylmelamine.   Additional  drug  exchanges  are  planned  for  both  pre- 
clinical and  clinical  investigations  in  the  next  year. 

As  a  follow  up  on  the  American-Soviet  Symposium  on  "Quantitative  Methods  and 
Chemotherapy  of  Neoplastic  Diseases",  plans  for  a  Workshop  on  Clinical  Bio- 
chemical Pharmacology  have  been  formulated  and  the  agenda  is  essentially  es- 
tablished.  The  format  stems  from  that  established  under  the  French-American 
Agreement  and  which  is  being  extended  also  to  the  USA-Italian  Agreement.   It 
is  well  recognized  that  studies  in  clinical  biochemical-pharmacology  may  have 
a  considerable  impact  in  contributing  to  the  success  of  chemotherapy,  and  the 
development  of  collaborative  programs  abroad  and  the  training  of  personnel  is 
receiving  considerable  attention. 

The  Sixth  USA-USSR  Working  Meeting  on  the  Treatment  of  Lung  Cancer,  and  the 
Third  USA-USSR  Working  Meeting  on  the  Treatment  of  Breast  Cancer  were  held 
in  Moscow  on  March  31  to  April  3,  1980,  with  Dr.  J.  C.  Allegra  as  the  leader 
of  the  American  delegation. 

The  Sixth  USA-USSR  Working  Meeting  in  the  Treatment  of  Lung  Cancer  was  held 
at  the  Herzen  Cancer  Research  Institute  in  Moscow  with  Dr.  P.  Wiernik  (USA) 
as  the  USA  Chairman.   Lung  Cancer  topics  included: 

1.  The  surgical  approach  to  non-small  cell  lung  cancer; 

2.  Radiotherapy  in  non-small  cell  lung  cancer 

3.  Chemotherapy  in  non-small  cell  lung  cancer 

4.  Pathology  of  small  cell  lung  cancer 

5.  Surgery  in  small  cell  lung  cancer 

6.  Radiotherapy  in  small  cell  lung  cancer 

7.  Chemotherapy  in  small  cell  lung  cancer. 

Drugs  which  the  Soviets  are  interested  in  obtaining  for  Phase  II  studies  in 
lung  cancer  include  methy  glyoxal  bisguanlylhydrazone   (MGBG) ,  AMSA  and 
dihydroxyanthracenedione  (DHAD) . 
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Dr.  N.  Perevodchikova  presented  a  suggested  protocol  for  resectable  oat  cell 
lung  carcinoma.   Despite  difficulty  in  patient  accural,  Dr.  Perevodchikova 
and  the  Soviet  surgeons  feel  that  there  are  enough  coin  lesions  of  the  lung 
that  are  diagnosed  as  oat-cell  carcinoma  at  surgery,  that  it  is  possible  to 
conduct  a  study  to  determine  whether  surgery  alone,  or  surgery  followed  by 
adjuvant  chemotherapy  would  be  more  effective  in  the  treatment  of  such 
patients.   Investigators  at  several  institutions  in  the  USA  will  be  apprised 
of  this  study  and  will  be  invited  to  participate  in  the  event  that  they  are 
interested.   Dr.  Perevodchikova  presented  results  of  four  chemotherapeutic 
regimens  conducted  under  the  auspices  of  the  agreement  that  are  employed  in 
the  treatment  of  small  cell  carcinoma  of  the  lung.   The  complete  response 
rate  in  the  first  three  studies  ranged  from  14  to  31  percent  and  in  a  fourth 
preliminary  study  involving  prospidine,  cyclophosphamide  and  radiotherapy, 
four  out  of  nine  patients  achieved  a  complete  remission,  ranging  from  4  to 
18  months.   The  USA  delegation  presented  data  on  prophylactic  cranial  irra- 
diation for  oat-cell  cancer  for  consideration  by  the  Soviet  investigators. 

During  the  visit  some  of  the  members  of  the  American  delegation  went  on 
rounds  with  Dr.  Perevodchikova  in  her  ward.   In  the  hematology  department  of 
the  Cancer  Research  Center,  Academy  of  Medical  Sciences,  USSR,  although  an 
accepted  regimen  for  acute  leukemia  of  cytosine  arabinoside  plus  daunorubicin 
is  employed,  the  responses  are  relatively  poor  and  possibly  attributable  to 
a  significant  incidence  of  infection  in  patients  receiving  treatment.   A  sug- 
gestion by  Dr.  Wiernik  involves  administration  of  the  antibiotic  trimethoprim- 
sulfamethoxazole  as  infection  prophylaxis  for  patients  with  acute  leukemia. 
With  random  allocation  to  prophylactic  antibiotic  treatment  it  could  be 
determined  whether  there  would  be  a  sharp  increase  in  complete  remission 
response  in  the  Soviet  leukemic  patients. 

Dr.  J.  Allegra  was  the  USA  chairman  for  the  Third  USA-USSR  Working  Meeting  on 
the  Treatment  of  Breast  Cancer.   The  Soviets  are  investigating  the  use  of 
Tamoxifen  in  the  treatment  of  patients  with  advanced  breast  cancer.   In  one 
study  15/33  patients  had  a  partial  response,  with  the  best  effect  reported 
in  older  post-menopausal  patients. 

The  current  collaborative  adjuvant  study  for  the  treatment  of  breast  cancer 
was  reviewed.   Although  it  is  projected  that  15  specialized  Cancer  Centers 
will  participate  in  the  study  within  the  next  two  months  in  the  Soviet  Union, 
to  date  only  20-30  patients  have  been  randomized  and  only  six  Cancer  Centers 
are  randomizing  at  the  present  time.   The  adjuvant  study  is  detailed  in 
Dr.  Allegra 's  report  of  the  meeting.   Dr.  Allegra  presented  the  Soviets 
with  a  Phase  II  study  for  advanced  breast  cancer  involving  hormonal  therapy 
and  methotrexate-5  fluorouracil  given  in  sequence.   The  suggestion  was  made 
that  the  Soviets  consider  collaboration  in  this  investigation. 

Additional  areas  of  mutual  interest  that  were  discussed  included  the  role  of 
biostatistics,  steroid  hormone  receptors  and  as  part  of  ongoing  adjuvant 
studies,  quality  control  of  results  of  laboratories  conducting  receptor  studies. 

It  is  clear  from  the  reports  of  this  trip  by  Drs.  Wiernik  and  Allegra  that 
the  clinical  Investigations  are  making  progress  and  new  areas  of  potential 
collaborations  have  been  identified  for  study  in  both  lung  and  breast  cancer. 
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For  the  USA-USSR  problem  area  "Cancer  Chemotherapy  and  Combined  Modalities  of 
Treatment"  the  programs  for  the  third  USA-USSR  Working  Meeting  on  Treatment 
of  Breast  Cancer  and  the  third  USA-USSR  Working  Meeting  on  Clinical  and  Pre- 
clinical Study  of  Anticancer  Drugs  are  essentially  completed  and  the  meetings 
will  be  held  on  21-23  May  1980  in  Bethesda,  Maryland.   Program  review  and 
further  planning  for  definitive  program  development  will  provide  the  focus 
for  these  sessions. 

LATIN  AMERICA 

The  USA-PAHO-Latin  American  Collaborative  Cancer  Treatment  Research  Program 
is  now  entering  its  third  year.   It  has  been  making  steady  progress  and  has 
emerged  as  a  full  scale  international  program.   Clinical  protocol  development 
is  moving  ahead  successfully.   Despite  Dr.  F.  Muggia's  move  to  New  York  Uni- 
versity, continuing  coordinator  activity  by  him,  with  active  home  line  leader- 
ship of  Dr.  J.  Macdonald  and  staff  of  the  Cancer  Therapy  Evaluation  Program 
including  E.  Mackie's  office,  in  addition  to  the  efforts  of  the  Office  for 
International  Research,  DCT,  and  the  Office  of  International  Affairs,  NCI, 
all  working  with  Dr.  J.  Litvak  at  PAHO  have  served  to  move  this  program  ahead. 

The  First  Annual  Meeting  of  the  Collaborative  Cancer  Treatment  Research  Pro- 
gram with  presentations  of  program  progress  was  held  4-7  June  1979  in  Miami, 
Florida,  and  an  NCI-PAHO  Program  administrative  meeting  was  held  on  Dec.  17, 
1979.  The  Second  Annual  Meeting  of  the  Program,  which  will  involve  compre- 
hensive review  of  ongoing  projects  by  both  USA  and  Latin  American  investiga- 
tors is  scheduled  for  June  17-21,  1980,  in  Bogota,  Columbia. 

The  program  is  presently  developed  through  nine  Latin  American  Cancer  Centers 
(Argentina,  Brazil,  Chile,  Colombia,  Peru,  and  Uruguay)  and  six  cancer  cen- 
ters (8  including  NCI  and  New  York  University)  in  the  USA.   The  plan  of  work 
contemplates  the  incorporation  of  two  new  centers  from  Mexico  and  Venezuela 
during  the  period  1  August  1979-31  July  1981. 

Although  the  official  roster  of  collaborating  Latin  American  institutions 
lists  nine  main  and  nine  associate  centers,  there  are  now  in  fact  approxi- 
mately 36  other  oncology  institutions  that  participate  in  the  program  through 
GATLA  and  GATTS — two  formally  organized  groups  for  treatment  research  in 

leukemia  and  solid  tumors. 

Currently  there  are  27  protocol  studies  underway  on  disease  categories  in- 
cluding breast,  head  and  neck,  gynecological  malignancies,  melanomas, 
sarcomas,  lymphomas,  leukemia  and  gastric  cancer.   Patient  accrual  amounted 
to  approximately  750  by  September  1979.   Preliminary  results  of  these  trials 
are  described  in  the  proceedings  of  the  first  annual  meeting  held  in  Miami, 
in  June  1979,  and  the  results  of  at  least  three  completed  studies  have  been 
submitted  for  publication,  with  the  proper  acknowledgement  to  the  program. 

The  program  provides  for  the  exchange  of  junior  physicians  and  nursing  per- 
sonnel participating  in  the  studies.   Each  Latin  American  institution  is 
entitled  to  two  short  visits  (two  to  three  months)  per  year  to  their  U.S. 
counterpart  institution  in  order  to  undertake  projects  in  clinical  investi- 
gation that  will  develop  and  enhance  their  professional  capability.   Seven 
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such  exchanges  have  taken  place  during  1979. 

To  ensure  direct  information  exchange  between  the  participating  centers,  the 
program  also  supports  one  yearly  visit  per  center  to  their  counterpart  insti- 
tution which  have  most  often  been  undertaken  by  the  Principal  Investigators. 

The  membership  roster  of  the  Collaborative  Cancer  Treatment  Research  Program 
is  as  follows: 

MEMBERSHIP  ROSTER 


COUNTRY     INSTITUTION 

ARGENTINA   Grupo  Argentino  de  Tratamiento 
de  la  Leucemia  Aguda 
Academia  Nacional  de  Medicina 
Buenos  Aires 


INVESTIGATORS 

Dr.  Marcos  Morgenfeld 

*Dr.  Santiago  Pavlovsky 

Dr.  Federico  Sackmann 


Grupo  Argentino  de  Tratamiento 
de  los  Tumores  Solidos  (GATTS) 
Universidad  del  Salvador 
Catedra  de  Oncologia 
Buenos  Aires,  Argentina 


Dr.  Carlos  A.  Alvarez 
>Dr.  Roberto  A.  Estevez 


Instituto  "Angel  H. 
Buenos  Aires 


Roffo" 


Dr.  Daniel  Campos 
Dr.  Alejo  Carugati 
Dra.  Alva  de  la  Torre 
-Dr.  Americo  Olivari 
Dr.  Roberto  Pradier 
Dr.  Jose  Spatola 


BRAZIL 


Fundacao  A.C. 
Sao  Paulo 


Camargo 


-Dr.  Fernando  Gentil 
Dr.  Carl  Kestel 
Dr.  Joao  B.  Freire  Leite 
Dr.  Moses  Zitron 


Instituto  Nacional  de  Cancer 
Rio  de  Janeiro 


Dr.  Aldemar  Neves  Filho 
Dr.  Hiram  Silveira  Lucas 


CHILE       Universidad  Catolica  de  Chile 
Hospital  Clinico 
Santiago 

**Hospital  Barros  Luco-Trudeau 
Santiago 


*Dr.  Juan  Arraztoa 


Dr.  Julio  Imable 


**Hospital  Enrique  Deformes 
Valparaiso 


Dr.  Eusebio  Garcia 


*   Principal  Investigator 
**  Associated  Center 


172 


**Hospltal  Paula  Jaraquemada 
Santiago 

**Hospital  Sotero  del  Rio 
Santiago 


Dr.  Roberto  Rodriguez 


Dra.  Blanca  Duran 


**Hospital  Universidad  de  Concepcion   Dr.  Alfredo  Hoffman 
Concepcion 


**Hospital  Van  Buren 
Valparaiso 

**Hospital  de  Valdivia 
Valdivia 


Dr.  Hernan  Krause 


Dr.  Enrique  Ortega 


*"'Instituto  Fundacion  Arturo 
Lopez  Perez 
Santiago 

**Instituto  Nacional  de  Radium 
Santiago 

COLOMBIA     Instituto  Nacional  de  Cancerologia 
Ministerio  de  Salud  Publica 
Bogota 


Dr.  Sergio  Kleiman 


Dr.  Luis  Orlandi 


Dr.  E.  Constantin 

Dr.  M.  Iregui 

Dr.  L.  C.  Martinez 

Dr.  C.  Mendoza 

*Dr.  Julio  Ospina 

Dr.  A.  Pachon 

Dr.  D.  Soto 

Dr.  J.  Zea 


PERU 


URUGUAY 


Instituto  Nacional  de 
Neoplasicas  -  INEN 
Lima 


Enf ermedades 


Hospital  de  Clinicas 
"Dr.  Manuel  Quintela" 
Montevideo 


""Dr.  Eduardo  Caceres 

Dr.  Luis  Casanova 

Dr.  Carlos  Castellanos 

Dr.  0.  Castro 

Dr.  M.  Cotrina 

Dr.  Ricardo  Galdos 

Dr.  L.  Leon 

Dr.  M.  Lingan 

Dr.  Juan  A.  Montalbetti 

Dr.  Manuel  E.  Moran 

Dr.  Carlos  Payet 

Dr.  Andres  Solidoro 

Dr.  S.  Valdivia 

Dr.  Carlos  Vallejos 

Dr.  Mayer  Zaharia 

*Dr.  Helmut  Kasdorf 

Dr.  Roberto  De  Bellis 

Dr.  Carlos  Garbino 
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USA  Vincent  T.  Lombardi  Cancer  Research 

Center 

(with  Georgetown  University  Hospital 

Argentina)  Washington,  D.C. 

USA  Memorial  Sloan-Kettering  Cancer 

(with  Center 

Brazil)  New  York,  New  York 


Dr.  John  S.  Macdonald  (NCI) 

Dr.  Philip  S.  Schein 

Dr.  Lucius  Sinks 

*Dr.  Paul  V.  Woolley 

*Dr.  Joseph  Burchenal 


(with 
Brazil) 


(with 
Chile) 


Department  of  Developmental 

Therapeutics 

M.  D.  Anderson  Hospital  and 

Tumor  Institute 
Houston,  Texas 

University  of  Wisconsin 
Madison,  Wisconsin 


*Dr.  Gerald  P.  Bodey 
Dr.  Manuel  Valdivieso 


'•Dr.  Guillermo  Ramirez 


(with 
Colombia) 


Roswell  Park  Memorial  Institute 
Buffalo,  New  York 


Dr.  Sigurdur  Bjornsson 
Dr.  P.  Creaven 
Dr.  Harold  Douglass 
Dr.  A.  Freeman 
Dr.  S.  Gailani 
^"Dr.  Edward  Henderson 
Dr.  D.  Higby 
Dr.  0.  Holterman 
Dr.  E.  Klein 
Dr.  L.  Olsen 
Dr.  H.  Preisler 
Dr.  German  Gomez 


(with 
Peru) 


(with 
Uruguay) 


(Coordina- 
tor) 


Comprehensive  Cancer  Center  for 
the  State  of  Florida 
University  of  Miami 
School  of  Medicine 
Miami,  Fla. 

Baltimore  Cancer  Research  Center 
University  of  Maryland  Hospital 
Baltimore,  Maryland 

New  York  University  Medical  Center 
Division  of  Oncology 
New  York,  New  York 


Dr.  G.  Burton  Seibert 
*Dr.  Francisco  Tejada 


Dr.  Charles  A.  Schiffer 
*Dr.  Peter  H.  Wiernik 


Dr.  Franco  Muggia 
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National  Cancer  Institute 


Members  include: 


Dr. 

V. 

T.  DeVita, 

Jr. 

Dr. 

J. 

Macdonald 

Dr. 

D. 

Haller 

Dr. 

A. 

Goldin 

Dr. 

J. 

Schwade 

Mr. 

P. 

Vilk 

Dr.  G.  O'Conor 

Dr.  J.  Schneider 

Dr.  H.  Hornbeak 

Mr.  B.  Goldfarb 

Ms .  E .  Mackie 


Pan  American  Health  Organization  (PAHO)  -  Members  include: 

Chief,  Unit  of  Non-Communicable  Diseases  Dr.  Jorge  Litvak 
Division  of  Disease  Prevention  and 

Control 
Pan  American  Health  Organization 
Washington,  D.C. 


Regional  Advisor  on  Chronic  Diseases 
Unit  of  Non-Communicable  Diseases 
Division  of  Disease  Prevention  and 

Control 
Pan  American  Health  Organization 
Washington,  D.C. 

Operations  Office 

Unit  of  Non-Communicable  Diseases 

Division  of  Disease  Prevention  and 

Control 
Pan  American  Health  Organization 
Washington,  D.C. 


Dr.  Rodrigo  Prado 


Ms.  Magaly  Henson 
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CURRENT  ACTIVE  PROTOCOLS  include: 

Protocol  Number  and 
Approval  Date  Protocol  Title 

ARGENTINA 


Principal 
Investigators 


LYN  I  ARC  77-01 
(10/6/77) 


PS  I  ARC  77-02 
(10/6/77) 

HN  I  ARC  77-04 
(1/5/78) 

GIP  I  ARC  77-05 
(1/5/78) 


A  Randomized  Trial  of  Two  Different  Chemo- 
therapeutlc  Regimens,  BACOP  or  C-MOPP,  in 
Treatment  of  Advanced  Diffuse  Histiocytic 
Lymphoma 

Phase  II  Trial  of  Chlorozotocin  in  Leukemias, 
Lymphoma,  and  other  Hematologic  Malignancies 

Adjuvant  Chemotherapy  and  Immunotherapy  for 
Squamous  Cell  Carcinoma  of  the  Esophagus 

Randomized  Trial  of  Radiation  Plus 
5-Fluorouracil  Versus  Streptozotocin, 
Mitomycin  C  and  5-Fluorouracil  in  Locally 
Unresectable  Pancreatic  Cancer 


S.  Pavlovsky 
P.  Wool lev 


S .  Pavlovsky 

P.  Woolley 

A.  Olivari 

P.  Woolley 

R.  Estevez 

P.  Woolley 


HN  I  ARG  77-03 
(7/18/78) 


SAO  I  ARG  78-04 


(6/8/78) 


SAS  I  ARG  78-03 


(  12/13/78) 


PSO  I  ARG  78-05 


(4/6/79) 


GUT  I  ARG  78-06 


(2/1/79) 


DSI  ARG  79-01 
(5/23/79) 


Adjuvant  Chemotherapy  and  Immunotherapy  for 
Squamous  Cell  Carcinoma  of  the  Oral  Cavity, 
Oropharynx  and  Larynx,  Stages  III  and  IV  (MO) 

Pilot  Study  for  Osteogenic  Sarcoma;  Adria- 
mycin  and  Cis-Platinum  Administered  as 
Adjuvant  Therapy  to  Radical  Amputation 


A  Randomized  Trial  of  Adriamycin,  Adria- 
mycin-Chlorozotocin  and  Adriamycin-Cis- 
Platinum  in  Advanced  Soft  Tissues  in  Adults 

Primary  Therapy  of  Medulloblastoma  and 
Ependymona  with  Surgery /Radiotherapy/ 
Chemotherapy 


Phase  II  Cis-Platinum,  Bleomycin,  Velban 
and  VP-16  in  Testicular  Carcinoma 

A  Trial  of  5-Fluorouracil,  Adriamycin  and 
Cis-Dichlorodiammino-Platinum  (FAP)  in 
Advanced  Measurable  Adenocarcinoma  of 
Lung,  Stomach  and  Pancreas 


A. 

Olivari 

P. 

Woolley 

P. 

Woolley 

L. 

Sinks 

S. 

Pavlovsky 

F. 

Sackmann 

R. 

Estevez 

P. 

Woolley 

P. 

Woolley 

L. 

Sinks 

S. 

Pavlovsky 

F. 

Sackmann 

R. 

Estevez 

P. 

Woolley 

R. 

Estevez 

P. 

Woolley 

LYH  I  ARG  78-01    Treatment  of  Hodgkin's  Disease 
(3/16/79) 


S.  Pavlovsky 
P.  Woolley 
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Protocol  Number  and 
Approval  Date 


Protocol  Title 


Principal 
Investisators 


DS-I-ARG-79-02     A  Phase  II  Trial  of  M-AMSA  in  Leukemias        S.  Pavlovsky 
(9/5/79)  and  Lymphomas  P.  Woolley 


BRAZIL 

BR  I  BRAZIL  77-01  Chemotherapy  of  Disseminated  Breast  Cancer 
(10/20/77)         Comparing  FAC  with  FAC  Plus  Tamoxifen 


HN  I  BRAZIL  77-02 
(1/5/78) 


Cis-Dichloro-Diammineplatinum-II  (DDP)  or 
Cytoxan  Combination  for  Advanced  Head  and 
Neck  Cancer 


C.C.Lima  Santos 
G.  Bodey 

C.C.Lima  Santos 
G.  Bodey 


DS  I  BRAZIL  77-03   Cis-Dichloro-Diammineplatinum  and  Bleomycin   F.  Gentil 


(12/19/77) 


in  the  Treatment  of  Epidermoid  Carcinomas, 
with  Special  Reference  to  Head  and  Neck, 
Cervix  and  Penile  Primary  Locations 


J.  Burchenal 


CHILE 


BR  I  CHILE  78-01 
(1/16/78) 


Protocol  to  Study  the  Effectiveness  of        J.  Arraztoa 
Chemotherapy  and  Hormonal  Manipulations       G.  Ramirez 
in  Women  with  Disseminated  Breast  Cancer 


COLOMBIA 


ME  I  COL  77-01 
(10/6/77) 

SAO  I  COL  77-03 
(9/14/77) 

LYN  I  COL  78-01 
(4/10/79) 


Combination  Chemotherapy  in  Disseminated  or  J.  Ospina 

Recurrent  Malignant  Melanoma  E.  Henderson 

A  Study  of  Adjuvant  Chemotherapy  with  J.  Ospina 

Adriamycin  Versus  Adriamycin  Plus  Cis-  E.  Henderson 
Platinum  in  Osteogenic  Sarcoma 

Combination  Chemotherapy  with  Cycle  Specific  J.  Ospina 

Agents  for  Poor  Risk  Patients  with  Lymphoma  E.  Henderson 


PERU 


SAO  PERU  INEN  77-03 
(12/16/77) 


Primary  Combined  Treatment  for  Patients  with 
Resectable  Osteogenic  Sarcoma 


E.  Caceres 

F.  Tejada 


GYC  PERU  INEN  77-09 
(11/29/77) 


Chemotherapy  for  Local  and  Metastatic  Stage 
IV  Uterine  Cervix  Carcinoma  &  for  Recurrent 
Stages  II  and  III  Uterine  Cervix  Carcinoma. 
Single  Agent  vs  Combined  Chemotherapy 


E.  Caceres 

F.  Tejada 
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Protocol  Number  and 
Approval  Date 


Protocol  Title 


Principal 
Investigators 


BR 


(11/21/78) 


I  PERU  INEN  78-04 

Chemotherapy  &  Radiation  Therapy  vs  Chemo- 
therapy &  Surgery  &  Postoperative  Radiation 
Therapy  with/without  Immunotherapy  in  Manage- 
ment of  Stage  III  Breast  Carcinoma 


Caceres 
Tejada 


HN  I  PERU  78-05 
(11/29/78) 


Treatment  for  Evaluable  Metastatic  or 
Recurrent  Head  and  Neck  Carcinoma  with 
MTX  Compared  to  Time  Sequential  Chemo- 
therapy 


E.  Caceres 

F.  Tejada 


BR  I  PERU  INEN  78-01 


(3/9/78) 


Procarbazine  in  Metastatic  Measurable 
Adenocarcinoma  of  the  Breast 


E.  Caceres 

F.  Tejada 


CIS  I  PERU  INEN  77-07 


(11/21/78) 


Evaluation  of  VP-16  in  Treatment  of 
Stomach  Cancer 


E.  Caceres 

F.  Tejada 


URUGUAY 


LEU  I  URU  78-01 


GY-l-URU-79-01 


(10/29/79) 


Treatment  of  the  Resistant  Phase   of 
Chronic  Myelogenous  Leukemia  with 
5-Azacytidine  and  VP-16-213 

A  Phase  II  Trial  of  AMSA  (NSC  249992) 

in  patients  with  advanced  GYN  Malignancies 


H.  Kasdorf 
P.  Wiernik 


H.  Kasdorf 
C .  Garbino 


UNITED  KINGDOM 

There  has  been  a  continuation  of  cooperative  preclinical  and  clinical  re- 
search associations  between  institutes  in  the  U.S.A.  and  the  United  Kingdom, 
which  are  largely  self-generated,  but  also  nevertheless  stimulated  by  the 
National  Cancer  Institute  and  Division  of  Cancer  Treatment  association.   Co- 
operative and  collaborative  activity  areas  include  a)  drug  development  and 
screening;  b)  preclinical  toxicology;  c)  clinical  Phase  I-II  testing;  d)  drug 
rescue  strategies  and  scheduling;  e)  collaborative  pharmacological  and 
clinical  testing  of  new  drugs.   In  addition,  there  is  a  continuation  of  the 
USA-UK  interest  in  the  nurse  exchange  program. 

The  activities  on  Contract  NO  lC-CM-43736  with  the  Institute  of  Cancer  Re- 
search (K.  Harrap)  for  which  J.  Venditti  is  project  officer  and  J.  Ziegler 
co-project  officer  is  contributing  significantly  to  the  Division  of  Cancer 
Treatment  Program,  and  is  providing  a  basis  for  extension  of  toxicologic 
evaluation  and  Phase  I  studies  of  exchange  drugs  in  the  U.K.  as  well  as  in 
Europe. 
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The  exchange  of  scientific  personnel  between  the  US  and  UK  is  proving  of 
mutual  benefit,  especially  in  research  areas  where  overlapping  scientific 
interests  already  prevail.   Dr.  Ray  Wilkinson  of  the  Institute  of  Cancer 
Research,  Sutton,  Surrey,  England,  initially  spent  the  period  October  24 
through  November  23,  1978  at  the  NCI  in  Bethesda  and  Georgetown  University, 
Washington,  D.C.,  and  Dr.  K.  D.  Tew  of  the  Division  of  Medical  Oncology  at 
Georgetown  University  Hospital,  Department  of  Medicine,  spent  March  21  to 
April  20,  1979  in  a  reverse  exchange  to  the  Institute  of  Cancer  Research, 
under  Division  of  Cancer  Treatment  auspices.   Common  research  activities 
centered  about  the  combination  of  bifunctional  alkylating  agents  and  steroids 
in  the  chemotherapy  of  tumors  which  are  refractory  to  conventional  alkylating 
agent  treatment  and  have  provided  interesting  data  on  cross  resistance  char- 
acteristics and  the  mechanism  of  action  of  nuclear  reactant  alkylating  agents. 
In  this  essentially  informal  exchange  agreement  there  is  an  important  comple- 
mentation and  two-way  exchange  of  research  contribution  and  ideas. 


HUNGARY 

The  USA-Hungarian  Cultural  and  Scientific  Agreement  program  document  was 
signed  in  October  1979  to  cover  the  years  1980-81,  thereby  permitting  imple- 
mentation of  the  cancer  segment  of  the  program  on  collaboration  and  exchanges 
including  cooperation  in  cancer  research.   Leading  Institutes  for  the  co- 
operative program  in  Hungary  include  the  National  Institute  of  Oncology 
(Director,  S.  Eckhardt) ;  National  Institute  for  Hematology  and  Blood  Trans- 
fusion (Director,  S.  Hollan) ,  Semmelweis  University  Medical  School,  Depart- 
ment of  Pathology  (K.  Lapis) .   Proposals  for  cooperation  include  (a)  Study 
of  Biochemical  changes  induced  by  antimetabolite  treatment  in  human  tumor 
xenografts;  (b)  Study  of  tumor  specific  antigenicity  of  lymphocytes;  (c)  De- 
velopment of  new  anticancer  drugs. 

In  the  development  of  new  anticancer  drugs,  cooperation  between  the  National 
Cancer  Institute  (Vincent  T.  DeVita,  Acting  Director)  and  the  National  Insti- 
tute of  Oncology  (S.  Eckhardt,  Director)  is  proposed  with  emphasis  on  drugs 
including  hexatol  and  vinca  derivatives  as  well  as  drugs  of  other  classes. 
Also  proposed  by  the  Hungarians  are  cooperating  parties  and  inter-visits 
including  representatives  of  the  Division  of  Cancer  Treatment  and  Hungarian 
representatives.   The  program  is  new  at  the  point  where  there  can  be  defini- 
tive planning  of  specific  projects. 


FEDERAL  REPUBLIC  OF  GERMANY 

There  is  a  continuation  of  broad  contacts  in  West  Germany  with  Pharmaceutical 
Houses,  Chemical  Industry  and  Universities,  and  these  are  providing  an  impor- 
tant source  for  candidate  antitumor  agents. 

The  organizational  aspects  of  the  Drug  Development  Program  have  now  been  de- 
veloped, and  a  working  meeting  is  scheduled  for  October  in  Bethesda  with 
Professors  Hohorst  (Frankfurt) ,  Schmahl  (Heidelberg) ,  Schmidt  (Essen) ,  Brock 
(Bielefeld)  and  Brieskorn  (currently  in  the  U.S. A)  from  Germany  and  Drs. 
Schepartz,  Macdonald,  Oliverio,  Goldin  and  possibly  others  from  the  U.S.A. 
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The  objective  of  this  working  meeting  will  be  to  develop  specific  plans  for 
international  cooperation. 

ITALY 

The  activities  of  the  two  committees  of  the  USA-Italian  Agreement  for  Coopera- 
tion in  Cancer,  namely  the  Committee  on  Therapeutics  and  the  Committee  on 
Prevention  will  be  coordinated  by  the  National  Cancer  Institute  in  Bethesda 
and  the  National  Cancer  Institute  in  Milan.   The  Committee  on  Therapeutics 
has  made  definitive  organizational  progress.   A  meeting  was  held  in  Nice  on 
December  2,  1979  in  order  to  initiate  recommendations  for  the  organization 
of  the  Committee  on  Therapeutics  of  the  Agreement.   The  participants  in  the 
meeting  from  the  USA  included  Drs.  Macdonald,  Goldin,  Muggia  and  Mihich.   The 
participants  from  Italy  were  Drs.  Ghione,  Garattini,  Bonmassar  and  Massimo. 
Topics  discussed  included  (1)  Formation,  functions,  compositions  and  schedule 
of  activities  of  a  binational  Committee  on  Therapeutics;  (2)  Workshop  on 
Clinical  Biochemical  Pharmacology;  (3)  Personnel  exchanges  for  the  first 
year;  (4)  Projects  for  Initial  implementation  and  Agenda  of  first  meeting 
of  the  Committee. 

Following  consideration  in  both  the  USA  and  Italy  of  the  recommendations  of 
the  Nice  meeting,  the  Binational  Committee  on  Therapeutics  was  constituted 
with  Dr.  Vincent  T.  DeVita  as  the  Chairman  of  the  Committee  for  the  USA  side 
and  Dr.  Umberto  Veronesi  of  the  National  Cancer  Institute  of  Milan  as  the 
chairman  for  the  Italian  side.   In  the  USA,  the  Office  of  the  Assistant 
Director  for  International  Treatment  Research,  DCT,  will  be  responsible  for 
program  coordination  in  conjunction  with  the  Office  of  International  Affairs. 

It  is  the  objective  of  the  program  to  develop  a  series  of  bilateral  projects 
in  cancer  therapeutics  and  related  programs  with  USA  and  Italian  investi- 
gators, matching  efforts  in  cooperative  endeavors.   This  is  a  format  that 
has  worked  very  well  in  the  past  in  other  agreements  and  should  prove  fruit- 
ful, particularly  with  Italy,  where  there  are  already  so  many  common  clinical 
and  preclinical  investigatory  interests. 

The  Committee  on  Therapeutics  will  meet  once  a  year,  in  Italy  and  in  the  USA 
on  alternate  years.   The  workshop  on  "Clinical  Biochemical  Pharmacology"  has 
been  scheduled  for  Milan  the  latter  part  of  October  1980,  with  Mihich  and 
Chabner  (USA)  and  Ghione  and  Garattini  (Italy)  as  the  organizers.   It  is 
planned  to  have  the  first  meeting  of  the  full  Committee  on  Therapeutics  in 
conjunction  with  the  workshop. 

For  the  forthcoming  October  meeting  of  the  Committee  on  Therapeutics,  pro- 
posed topics  for  discussion,  selection  and  implementation  of  collaboration 
include  the  following: 

1.  Chemotherapy  of  Stage  I-III  Breast  Cancer 

2.  Phase  I  studies  of  deoxycoformycin  in  Pediatrics  plus  deaminase 
monitoring 

3.  Phase  II  pediatric  studies 

4.  Experimental  metastasis  models  and  therapy  sensitivity 
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Biological  Response  Modifiers  Program 


Studies  of  pain  in  adults  and  children  plus  pharmacological  monitoring 
New  drugs  and  combinations  in  Breast,  GI  and  H  &  N 
Hyperalimentation  studies 

9 .  Pharmacology  of  new  anthracycline  derivatives 

10.  Models  of  immunomodulation  by  anticancer  drugs 

11.  Antigenic  changes  and  therapeutics 

12.  Additional  Items:   Preclinical  toxicology  and  Phase  I,  exchange  of  drugs 
and  materials,  clinical  studies  with  Platinum  and  analog  development, 
modulation  of  antimetabolite  action,  determinants  of  drug  action. 

The  US-ITALIAN  Agreement,  Committee  on  Therapeutics,  is  constituted  as 

follows: 

USA 

Dr.  Vincent  T.  DeVita,  Jr.        -  Chairman 
National  Cancer  Institute 
Bethesda,  Maryland 

Dr.  John  S.  Macdonald 
National  Cancer  Institute 
Bethesda,  Maryland 

Dr.  Abraham  Goldin 
National  Cancer  Institute 
Bethesda,  Maryland 

Dr.  Bruce  Chabner 
National  Cancer  Institute 
Bethesda,  Maryland 

Dr.  Enrico  Mihich 

Roswell  Park  Memorial  Institute 

Buffalo,  New  York 

Dr.  Bernard  Fisher 
University  of  Pittsburgh 
School  of  Medicine 
Pittsburgh,  Pennsylvania 

Dr.  Joseph  V.  Simone 

St.  Jude's  Children's  Research  Hospital 

Memphis,  Tennessee 

Dr.  George  Canellos 

Sidney  Farber  Cancer  Institute 

Boston,  Massachusetts 
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ITALY 

Dr.  Umber to  Veronesi  -   Chairman 

Institute  Nazionale  Per  Lo  Studio 
E  La  Cura  Dei  Tumori 
Milan,  Italy 

Dr.  Mario  Ghione 

Institute  Nazionale  Per  Lo  Studio 

E  La  Cura  Del  Tumori 

Milan,  Italy 

Dr.  Silvio  Garattini 
"Mario  Negri" 
Milan,  Italy 

Dr.  Enzo  Bonmassar 
University  of  Perugia 
Perugia,  Italy 

Dr.  Gianni  Bonadonna 

Institute  Nazionale  Per  Lo  Studio 

E  La  Cura  Dei  Tumori 

Milan,  Italy 

Dr.  Luisa  Massimo 
Ospedale  Gaslini 
Genoa,  Italy 

Dr.  Luciano  Rausa 
University  of  Palermo 
Palermo,  Italy 

Dr.  Mario  Cepellini 

University  of  Florence  Medical  School 

Florence,  Italy 

Dr.  Franco  Mandelli 
Institute  of  Radiology 
University  of  Rome 
Rome,  Italy 

Dr.  Felice  Gavosti 

Institute  Nazionale  Per  Lo  Studio 

E  La  Cura  Dei  Tumori 

Milan,  Italy 
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PEOPLE'S  REPUBLIC  OF  CHINA 

For  the  USA-PRC  cooperation  in  Cancer  Research,  the  overall  objectives 
encompass: 

a)  joint  research  in  accordance  with  mutually  accepted  protocols 

b)  exchange  of  scientists  to  engage  in  cooperative  research  projects 

c)  exchange  of  information 

d)  exchange  of  drugs,  biologies  and  other  materials  required  for  the 
conduct  of  joint  research  projects 

e)  joint  publication 

The  cooperative  program  is  under  current  active  development. 

A  USA-China  Pharmacology  Symposium  was  held  on  October  29,  1979  at  the 
National  Academy  of  Science  in  Washington,  D.C.  with  Division  of  Cancer 
Treatment  participation.   Following  a  number  of  plenary  lectures,  workshops 
were  held  on  (a)  natural  products;  (b)  neuropharmacology;  (c)  cancer  chemo- 
therapy; (d)  drug  development;  (e)  analytical  techniques;  (f)  receptors. 
The  program  was  sponsored  by  the  Committee  on  Scholarly  Communication  formed 
in  1966  by  the  American  Council  of  Learned  Societies,  the  National  Academy 
of  Science,  and  the  Social  Science  Research  Council,  with  the  Scientific 
and  Technical  Association  of  the  People's  Republic  of  China. 

EGYPT 

In  the  bilateral  program  between  the  USA  and  the  Republic  of  Egypt,  there 
was  continued  collaborative  clinical  investigation,  with  steady  accural  of 
patients  under  the  leadership  of  Dr.  J.  Ziegler,  DCT,  NCI. 

POLAND 

Under  the  USA-Poland  cooperative  program  there  has  been  a  continuation  of 
exchange  of  drugs. 

BULGARIA 

There  is  a  continuation  of  contact  with  Bulgaria  particularly  with  Drs.  G. 
Mitrov,  D.  Toderov  and  J.  Stoychkov  at  the  Bulgarian  Cancer  Institute.   A 
joint  publication  with  Dr.  Stoychkov  has  stemmed  from  this  association. 

CZECHOSLOVAKIA 

Although  no  final  agreement  exists  with  Czechoslovakia,  there  is  maintenance 
of  contacts  for  information  and  drug  exchange,  particularly  with  Prague 
and  Bratislava. 

HONORS  AND  AWARDS  DURING  THE  YEAR 

A.  Goldin,  Honorary  Doctor  of  Medicine,  University  of  Chieti, 
Faculty  of  Medicine,  Chieti,  Italy. 
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The  following  talks  on  aspects  of  the  Division  of  Cancer  Treatment  Program 
were  given  during  the  year  by  A.  Goldin: 

1)  "Activity  of  Ftorafur  in  Animal  Test  Models"  presented  at  the  Inter- 
national Meeting  on  the  Anticancer  Drug  Ftorafur  in  Riga,  Latvia,  USSR. 

2)  "Strategy  and  Development  of  Drugs  for  Cancer  Therapy"  presented  at 
the  Symposium  on  Chemotherapy  of  Malignant  Diseases  (opening  of  new  Catholic 
Hospital)  in  Groningen,  The  Netherlands. 

3)  "Host-Tumor-Drug  Interrelationships  in  the  Tumorous  Murine  Model" 
presented  at  the  Eighteenth  International  Symposium  on  Regulation  of  Enzyme 
Activity  and  Synthesis  in  Normal  and  Neoplastic  Tissues  in  Indianapolis,  Indi- 
ana. 

4)  "Current  Results  of  the  Screening  Program  at  the  Division  of  Cancer 
Treatment,  NCI"  presented  at  the  Second  NCI-EORTC  Symposium  on  New  Drugs  in 
Cancer  Therapy  in  Brussels,  Belgium. 

5)  "Chemotherapy  Screening  and  Evaluation  of  Antitumor  Compounds"  pre- 
sented at  the  US-China  Pharmacology  Symposium  in  Washington,  D.C. 

6)  "Clinical  Concepts  Derived  from  Animal  Chemotherapy  Studies"  presented 
at  INSERM  Seminar  on  Clinical  Biochemical  Pharmacology  in  Villejuif,  France. 

7)  "Progress  of  the  New  Screening  Program  at  the  Division  of  Cancer 
Treatment,  NCI"  presented  at  the  Fifth  Congress  of  the  European  Society  for 
Medical  Oncology  In  Nice,  France. 

8)  "Treatment  of  Human  Tumors  in  Congenitally  Athymic  Mice  in  Relation- 
ship to  Clinical  Therapy"  presented  at  the  University  of  Chieti,  Italy. 

9)  "Implication  of  Animal  Chemotherapy  Studies  for  the  Clinic"  presented 
at  Lecture  Series  -  Course  on  Cancer  Chemotherapy,  The  George  Washington  Uni- 
versity Medical  Center,  Dept.  of  Pharmacology,  Washing ton, D.C. 

10)  "The  Current  Status  of  Drug  Screening  as  Viewed  at  the  Division  of 
Cancer  Treatment  of  the  National  Cancer  Institute"  presented  at  the  Sidney 
Farber  Institute,  Boston,  Massachussetts. 

11)  "Potential  for  Selective  Inhibition  of  Metastasis"  presented  at  the 
EORTC  Metastasis  Conference  in  London,  England. 

12)  "The  Current  Status  of  NCI  Screening"  presented  at  the  US-Japan 
Cooperative  Cancer  Research  Program  Review  Meeting  in  Tokyo,  Japan. 
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ARTICLE  PUBLISHED  IN  A  PERIODICAL 

Karrer,  K. ,  Rella,  W.  and  Goldin,  A. :   Surgery  plus  Corynebacterium  parvum 
immunotherapy  for  Lewis  lung  carcinoma  in  mice.   European  Journal  of  Cancer, 
Vol.  15:  867-873,  1979. 

Bonmassar,  A.,  Frati,  L.,  Fioretti,  M.C. ,Giampietri,  A.  and  Goldin,  A.: 
Changes  of  the  immunogenic  properties  of  K36  lymphoma  treated  in  vivo  with 
5(3, 3-dimethyl-l-triazeno)  imidazole-4-carboxamide  (DTIC) .   European  Journal 
of  Cancer,  Vol.  15:  933-939,  1979. 

Stoychkov,  J.N.,  Schultz,  R.M. ,  Chirigos,  M.A. ,  Pavlidis,  N.A.  and  Goldin,  A.: 
Effects  of  adriamycin  and  cyclophosphamide  treatment  on  induction  of  macrophage 
cytotoxic  function  in  mice.   Cancer  Research,  Vol.  39  (8):  3014-3017,  1979. 

Contessa,  A.R. ,  Giampietri,  A.,  Bonmassar,  A.  and  Goldin,  A.:  Increased  immu- 
nogenicity  of  L1210  leukemia  following  short-term  exposure  to  5 (3,3'-dimethyl- 
l-triazeno)-imidazole-4-carboxamide  (DTIC)  in  vivo  or  in  vitro.   Cancer 
Immunol.  Immunotherapy  7:  71-76,  1979. 

DeVita,  V.T.,  Oliverio,  V.T.,  Muggia,  F.M.,  Wiernik,  P.W.,  Ziegler,  J.,  Goldin, 
A.,  Rubin,  D.,  Henney,  J.  and  Schepartz,  S.:  The  drug  development  and  clinical 
trials  programs  of  the  Division  of  Cancer  Treatment,  National  Cancer  Institute. 
Cancer  Clin  Trials  2:  195-216,  1979. 

Bistoni,  F.,  Marconi,  P.,  Pitzurra,  M. ,  Frati,  L.,  Spreafico,  E. ,  Goldin,  A. 
and  Bonmassar,  E. :   Combined  effects  of  BCG  or  Candida  albicans  (CA)  with 
antitumor  agents  against  a  virus- induced  lymphoma  in  mice.   European  Journal 
of  Cancer, Vol.  15:  1305-1314,  1979. 

Riccardi,  C,  Bartocci,  A.,  Puccetti,  P.,  Spreafico,  F. ,  Bonmassar,  E.  and 
Goldin,  A. :  Combined  effects  of  antineoplastic  agents  and  anti-lymphoma 
allograft  reactions.  European  Journal  of  Cancer,  Vol.  16:  23-33,  1980. 

Giampietri,  A.,  Fioretti,  M.C,  Goldin,  A.  and  Bonmassar,  E.  :   Drug-mediated 
antigenic  changes  in  murine  leukemia  cells:  antagonistic  effects  of  quinacrine, 
an  antimutagenic  compound.  J.  Natl.  Cancer  Inst,  Vol.  64  (2):  297-301,  1980. 

Rozencweig,  M. ,  Von  Hoff,  D.D.,  Staquet,  M.J.,  Guarino,  A.M.,  Schein,  P.S., 
Penta,  J.S.,  Goldin,  A.,  Muggia,  F.M.,  DeVita,  V.T.  and  Freireich,  E.J. : 
Animal  toxicology  for  early  clinical  trials  with  antitumor  agents.  Cancer 
Research   (In  press,  1980). 
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ARTICLE  IN  A  BOOK,  PAMPHLET  OR  BULLETIN 

Goldin,  A.,  Nicolin,  A.  and  Bonmassar,  E.:  Interrelationship  between  chemo- 
therapy and  immunotherapy  in  the  treatment  of  disseminated  disease.   In: 
Recent  Results  in  Cancer  Research,  Adjuvant  and  Markers  to  Post-Surgical 
Minimal  Residual  Disease,  II  Adjuvant  Therapies  of  the  Various  Primary 
Tumors,  Vol.  68,  G.  Bonadonna,  G.  Mathe  and  S.E.  Salmon  (eds.).  Springer 
Verlag,  Berlin,  Heidelberg,  New  York,  pp.  A58-464,  1979. 

Goldin,  A.,  Venditti,  J.M.,  Muggia,  F.M.,  Rozencweig,  M.  and  DeVita,  V.T.: 
New  animal  models  in  cancer  chemotherapy.  In:  Advances  in  Medical  Oncology, 
Research  and  Education,  Vol.  5,  Basis  for  Cancer  Therapy  I,  (B.W.  Fox  ed.). 
Proceeds  XII  International  Cancer  Congress,  1978, Buenos  Aires,  Argentina. 
Pergamon  Press,  Oxford  and  New  York,  pp.  113-122,  1979. 

Goldin,  A.,  Rozencweig,  M. ,  Guarino,  A.M.  and  Schein,  P.:  Chapter  II:  Quanti- 
tative and  qualitative  prediction  of  toxicity  from  animals  to  human.   In: 
Controversies  in  Cancer  (Design  of  Trials  and  Treatment) .   Proceeds  EORTC 
Symposium,  Brussels  April  1979.  H.  Tagnon  and  M.  Staquet  (eds.),  Masson 
Publishing,  USA  Inc.,  pp.  83-104,  1979. 

Goldin,  A.  and  Venditti,  J.M.:  The  new  NCI  screen  and  its  implications  for 
clinical  evaluation.  In:  Recent  Results  in  Cancer  Research,  Vol.  70,  S.  K. 
Carter  and  Y.  Sakurai  (eds.).  Springer  Verlag,  Berlin,  Heidelberg,  New  York, 
pp.  5-20,  1980. 

Goldin,  A.,  Johnson,  R.K.  and  Venditti,  J.M. :  Usefulness  and  limitations  of 
murine  tumor  models  for  identification  of  new  antitumor  agents.   In:  Design 
of  Cancer  Chemotherapy:  Experimental  and  Clinical  Approaches,  Springer 
Verlag,  (In  Press,  1980). 

Goldin,  A.,  Nicolin,  A.  and  Bonmassar,  E. :  Chemotherapy  Immunogenicity.  In: 
Proceeds  EORTC  Meeting,  Paris,  June  1979,  Springer  Verlag  (In  Press,  1980). 

Goldin,  A.  and  Venditti, J.M. :  A  prospective  screening  program:  current 
screening  and  its  status.  In:  Recent  Results  in  Cancer  Research.  S.  Carter 
and  Y.  Sakurai  (eds.).  Sixth  US-Japan  Program  Review  Symposium,  May  1979, 
Springer  Verlag  (In  Press,  1980). 

Goldin,  A. :  Combined  Chemotherapy.  In:  Proceeds  Workshop  on  Developments  of 
Cancer  Chemotherapy,  Budapest,  Hungary,  June  1979  (In  Press,  1980). 

Goldin,  A.:  Host- Tumor-Drug  interrelationships  in  the  tumorous  murine  model. 
In:  Advances  in  Enzyme  Regulation.  Proceeds   SjTmposium  on  Regulation  of 
Enzyme  Activity  and  Synthesis  in  Normal  and  Neoplastic  Tissues,  Indianapolis, 
Indiana,  1979  (In  Press,  1980). 
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Goldin,  A.  and  Carter,  S.K.:  Screening  and  evaluation  of  antitumor  agents, 
In:  Cancer  Medicine,  J.F.  Holland  and  E.  Frei  III  (eds.)>  Lea  &  Febiger, 
Philad.,  Pennsylvania  (In  Press,  1980). 
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PUBLICATIONS  SECTION 

Office  of  the  Director 

The  Publications  Section  directs  the  preparation  of  Cancer  Treatment  Reports 
(CTR),  a  monthly  primary-source  scientific  journal  dealing  with  all  aspects 
of  preclinical  and  clinical  cancer  treatment. 

CTR  (formerly  Cancer  Chemotherapy  Reports)  is  now  in  its  21st  year  of 
continuous  publication.   From  1959  to  1968  CTR  was  issued  6-10  times  a  year 
depending  on  the  acceptance  of  manuscripts  submitted.   Several  types  of 
manuscripts  were  published,  including  program  information,  study  protocols, 
experimental  studies,  and  clinical  reports.   Most  but  not  all  manuscripts 
were  reviewed  by  outside  referees  as  well  as  by  the  editorial  board.   In 
1968  the  journal  expanded  to  three  parts:   Part  1  (reviewed  manuscripts  on 
original  research,  both  experimental  and  clinical),  Part  2  (comprehensive, 
lengthy  chemotherapy  studies  involving  a  great  deal  of  tabular  material; 
some  of  the  material  was  reviewed  by  referees),  and  Part  3  (program 
information  including  study  protocols,  clinical  brochures,  toxicology 
reports,  and  review  articles;  this  material  was  normally  not  reviewed).   In 
January  1976,  CTR  dropped  the  three-part,  separately  numbered  system  and 
began  monthly  publication.   The  journal  now  considers  for  publication 
previously  unpublished  manuscripts  of  original  work  under  four  main 
categories: 

1.  Clinical  or  preclinical  research. 

2.  Correspondence  regarding  manuscripts  previously  published  in  CTR 
(Letters  on  other  topics  are  published  at  the  discretion  of  the 
Editorial  Board). 

3.  Invited  guest  editorials  and  reviews.   Unsolicited  contributions  are 
considered  on  their  individual  merits. 

4.  Brief  communications.   Under  this  category  the  Editorial  Board  considers 
short  contributions  which  can  not  exceed  five  typewritten  pages.   Four 
types  of  communication  are  considered  in  this  category. 

(a)  Ideas  relating  to  cancer  treatment. 

(b)  Preliminary  research  reports. 

(c)  Clinical  case  reports. 

(d)  Brief  clinical  trials  of  novel  treatments. 

All  material  submitted  for  consideration  in  the  journal  is  subject  to  review 
when  appropriate  by  at  least  two  outside  reviewers  and  by  one  member  of  the 
Editorial  Board.   In  addition,  the  journal  publishes  the  proceedings  of 
meetings  and  program  information  from  the  Division  of  Cancer  Treatment, 
National  Cancer  Institute. 

Submissions  in  1979  and  1980 

During  1979  the  journal  received  550  research  manuscripts,  190  symposia 
manuscripts,  and  418  abstracts.  During  the  first  5  months  of  1980,  250 
research  manuscripts  and  139  symposia  manuscripts  have  been  submitted. 

Comparative  data  on  the  CTR  series  of  publications  are  shown  in  table  1. 
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Sections  of  the  Journal 

Brief  Reports. — In  1973,  a  section  entitled  Brief  Reports  and  Preliminary 
Coiranunications  was  added  to  the  journal.   Authors  are  invited  to  submit 
short  clinical  notes  or  the  abbreviated  results  of  preliminary  work.   These 
reports  have  been  processed  through  the  editorial  channels  more  quickly  than 
full-length  manuscripts,  thus  reducing  costs  for  production  time  and 
allowing  more  reports  to  reach  the  readers.   The  response  to  this  new 
section  has  continued  to  be  excellent  during  the  past  year. 

Commentaries. — In  1974,  a  section  containing  invited  editorials  and 
commentaries  was  initiated;  in  the  past  5  years,  many  such  manuscripts  have 
been  received  and  published.   An  authoritative  scientist  or  physician  is 
invited  by  a  member  of  the  Editorial  Board  to  write  briefly  on  a  subject  of 
current  interest  in  cancer  chemotherapy.   We  hope  this  section  will 
encourage  more  interest  in  current  topics,  particularly  through  the 
submission  of  Letters  to  the  Editor.   In  the  past  year  we  have  published 
commentaries  or  editorials  on  the  following  topics:   "Therapeutic  Trials 
With  VP-16-213  and  VM-26:   Active  Agents  in  Small  Cell  Lung  Cancer,  Non- 
Hodgkin's  Lymphomas,  and  Other  Malignancies";  "Role  of  Routine  Bone  Scans  in 
Operative  Breast  Cancer:   An  Opposing  Viewpoint";  and  "The  Use  of  Opiate 
Analgesics  in  Cancer  Patients." 

Letters  to  the  Editor. — During  the  past  year  CTR  has  observed  a  significant 
increase  in  the  number  of  Letters  submitted.   These  Letters  usually,  but  not 
always,  refer  to  previously  published  articles.   In  the  last  year  a  large 
section  of  each  issue  has  been  devoted  to  Letters. 

Proceedings  of  Symposia 

During  the  past  several  years,  CTR  has  been  approached  frequently  to  publish 
the  proceedings  of  scientific  meetings.   In  1979,  we  published  the 
following: 

1.  Proceedings  of  the  National  Cancer  Institute  Mini-Symposium  on  Ovarian 
Carcinoma 

2.  Proceedings  of  the  Workshop  on  Cutaneous  T-Cell  Lymphomas  (Mycosis 
Fungoides  and  Sezary  Syndrome) 

3.  Proceedings  of  the  Workshop  on  Amino  Acid  Imbalance  in  the  Treatment  of 
Cancer 

4.  Abstracts  From  the  First  International  Congress  on  Hormones  and  Cancer 

5.  Proceedings  of  the  National  Cancer  Institute  Conference  on  cis-Platinum 
and  Testicular  Cancer 

In  1980,  we  will  publish  the  following: 

1.  Proceedings  of  Symposium  on  Designs  for  Clinical  Cancer  Research 

2.  Proceedings  of  Tamoxifen  Workshop 

3.  Proceedings  of  the  International  Symposium  on  Cytostatic  Galactitol 
Derivatives 

4.  Proceedings  of  the  International  Symposium  on  Methotrexate 
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5.  Symposium  on  Nutrition  and  Cancer 

6.  Proceedings  of  the  8th  New  Drug  Seminar  on  L-Asparaginase  and 
Daunorubicin 

7.  Third  Conference  on  Brain  Tumor  Therapy 

8.  Advanced  Seminar  on  Clinical  Biochemical  Pharmacology  of  the  French- 
American  Agreement 

Ideally,  symposia  will  be  published  no  more  than  six  times  (six  issues)  per 
year;  however,  particularly  in  the  last  year,  the  number  of  symposia 
submitted  and  accepted  for  publication  has  doubled  and  in  1980  individual 
single  issues  may  contain  two  symposia.   This  trend  is  likely  to  continue 
since  two  symposia  have  already  been  accepted  and  tentatively  scheduled  for 
1981.   In  order  to  facilitate  the  increased  workload  brought  about  by  the 
publishing  of  so  many  symposia,  outside  editorial  services  have  been 
contracted  to  supplement  the  functions  of  the  in-house  Cancer  Treatment 
Reports  editorial  staff. 

Official  Charter  for  CTR 

In  April  1975,  the  first  charter  meeting  of  the  CTR  Editorial  Board  was  held. 
This  meeting  was  intended  to  resolve  several  issues  concerning  the 
organization  of  CTR,  the  name  change  to  reflect  the  new  direction  of  the  DCT, 
and  the  additional  duties  of  the  Publications  Section.   In  addition,  the 
Board  has  written  a  substantive  charter  outlining  such  technicalities  as  the 
term  of  office  for  editors  and  the  editor-in-chief  (3  years),  the  official 
policy  regarding  review  and  rejection,  and  the  specific  areas  of  research 
to  be  covered. 

Editorial  Board 

In  1979  the  Editorial  Board  was  expanded  to  include  eleven  associate  editors 
in  addition  to  the  editor-in-chief.   Each  year  three  editors  will  rotate  off 
the  board  and  three  new  members  will  be  added.   Provisions  have  been  made  to 
allow  an  additional  year  of  editorship  at  the  discretion  of  the  editor-in- 
chief  and  the  Director,  DCT.   In  1976,  an  Editorial  Advisory  Board  with  15 
members  was  established.   The  members  will  serve  in  a  peripheral  way  to 
supplement  the  areas  of  expertise  represented  by  the  associate  editors. 
Their  advice  regarding  policy  decisions,  acceptance  of  symposia,  and  new 
areas  to  be  covered  will  be  solicited.   The  existing  Advisory  Board  will  be 
replaced  in  1980  with  15  new  members. 

Coverage  of  CTR  in  Current  Contents  and  Related  Publications 

Since  1967,  CTR  has  been  listed  in  Current  Contents,  Life  Sciences.   In 
1973,  CTR  was  asked  to  be  included  in  a  new  publication  of  current  titles 
in  collaboration  with  Science,  Engineering,  Medical  and  Business  Data  Ltd., 
Oxford,  England,  and  in  1974,  we  were  asked  to  establish  a  similar  policy 
with  the  Japan  Medical  Service,  which  publishes  a  supplement  to  its  Index 
of  Japanese  Medical  Periodicals  listing  foreign  publications.   It  is 
expected  that  this  additional  coverage  of  the  material  presented  in  the 
journal  will  increase  the  demand  for  subscriptions,  particularly  in  other 
countries. 
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In  1964,  CTR  began  sending  proof  copies  of  each  issue  to  the  Chemical 
Abstracts  Service  for  abstracting  and  indexing  of  the  chemical  information. 
During  1973  CTR  was  asked  to  establish  a  similar  policy  with  the  Biosciences 
Information  Service  (Biosis)  in  Philadelphia,  and  with  Infordata 
International  in  Chicago,  which  publishes  the  Index  to  the  Periodicals  of 
the  US  Government.   In  1980,  CTR  additionally  was  asked  to  send  advanced 
proof  copies  for  abstracting  and  indexing  purposes  to  the  Franklin  Institute 
in  Philadelphia. 

Office  of  Management  and  Budget  Approval 

In  late  1979  we  submitted  to  the  0MB  our  request  for  continuation  of  funds. 
This  document  outlined  the  purpose  and  scope  of  CTR,  the  publications  costs 
incurred  by  the  staff,  a  breakdown  of  the  distribution  of  each  issue, 
including  the  categories  of  subscribers,  and  the  justification  for 
continuing  the  publication.   In  early  1980,  we  received  0MB  approval  which 
allows  us  to  continue  production  through  January  1983.   Further  funding 
through  January  1986  will  be  requested  in  mid-1982. 

Distribution  of  CTR 

The  Publications  Section  is  responsible  for  maintaining  the  free  mailing 
list  for  CTR.   CTR  is  available  without  cost  to  3225  qualified  m.edical 
groups,  physicians,  and  libraries,  and  is  for  sale  to  others  by  the 
Superintendent  of  Documents,  Government  Printing  Office  (GPO) .   The 
approximate  distribution,  which  varies  with  each  issue,  is  as  follows: 

3225  Foreign  and  domestic  free  mailing 

2400  Superintendent  of  Documents  (for  paid  subscriptions) 

528  Superintendent  of  Documents  (for  Depository  Libraries) 
6153 

In  the  past  several  years,  the  number  of  paid  subscriptions  has  increased 
tremendously.   In  late  1978,  the  GPO  had  an  increase  of  600  new  subscribers 
(from  1800  to  2400).   The  number  will  undoubtedly  continue  to  rise  because 
of  the  lower  limits  set  by  the  OMB  each  time  the  journal  receives  0MB 
clearance.   The  demand  for  specific  back  issues  remains  high;  most  requests 
are  for  the  proceedings  of  meetings. 
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LITERATURE  RESEARCH  SECTION 
Office  of  the  Director 

The  Literature  Research  Section  serves  the  Division  of  Cancer  Treatment  by 
providing  information  from  published  literature  on  all  aspects  of  the  ther- 
apy of  cancer.   Data  from  the  fields  of  chemotherapy,  radiotherapy,  surgery, 
immunotherapy  and  the  related  chemical  and  biomedical  disciplines  are  used 
by  the  staff  in  Decision  Network  review,  meeting  FDA  requirements  for  IND 
filing,  preparing  clinical  brochures,  and  as  background  for  evaluation  of 
toxicological  and  clinical  studies. 

Literature  Services.   The  Section  received  and  filled  almost  300  requests 
for  information  during  the  year.   Responses  were  provided  as  comprehensive 
or  selected  bibliographies,  computer  print-outs,  abstracts  and  copies  of  ar- 
ticles.  More  than  half  of  the  requests  entailed  manual  literature  searches 
supplemented  by  the  various  automated  bibliographic  retrieval  systems  such 
as  Medline,  Toxline  and  Cancerline.   Clinical  searches  were  done  for  such 
subjects  as  unproven  methods  of  treatment  and  the  therapy  of  cancer  in  the 
elderly.   Bibliographies  were  prepared,  or  updated,  for  such  agents  as 
misonidazole,  phosphonoacetic  acid,  the  fluoro  derivative  of  araAMP,  di- 
methyl sulfoxide,  spirohydantoin  mustard,  various  natural  products  and  mono- 
and  dimethylformamide.   The  Decision  Network  Committee  reviewed  compounds 
in  DN2A  and  investigational  drugs  in  clinical  trials;  updated  bibliographies 
were  prepared  for  most  of  these  agents.   Searches  were  also  done  for  inhibi- 
tors of  various  enzyme  systems,  uneven  armed  nitrogen  mustards,  the  elmina- 
tion  of  radiostrontium  and  models  for  bleomycin  pulmonary  toxicity  and  for 
experimental  metastases. 

The  Section  co-ordinates  NCI  access  to  the  on-line  data  bases  of  the  Medlars 
automated  bibliographic  search  system.   In  this  role  the  Section  serves  all 
areas  of  the  Institute,  processing  searches  and  providing  assistance  and  in- 
struction in  the  use  of  the  system.   These  computer  services  aid  in  the 
searching  and  facilitate  the  answering  of  requests.   Responses  to  over  70 
requests  were  in  the  form  of  computer  print-outs  only.   Monthly  SDI  (Selec- 
tive Dissemination  of  Information)  bibliographies  are  produced  for  members 
of  the  staff  on  specific  subjects  of  continuing  interest. 

The  staff  continues  to  be  responsible  for  the  preparation  and  distribution 
of  the  agent  folders  for  Decision  Network  meetings.   Each  folder  contains 
the  structure  and  systematic  name  of  the  compound,  a  bibliography  from  the 
published  literature,  summaries  of  screening,  toxicological  or  other  pre- 
clinical or  clinical  data,  and  questionnaires.   Materials  were  assembled  for 
a  total  of  78  drugs  for  the  six  meetings  held  this  year. 

A  further  responsibility  of  the  Section  is  the  maintenance  of  the  Cancer 
Therapy  Library,  a  collection  of  books  and  journals  for  the  use  of  NCI  staff. 
Copies  of  over  70  journals  are  regularly  received  including  many  of  the  can- 
cer journals,  abstracting  and  indexing  secondary  sources,  and  chemical,  bio- 
medical or  information  science  journals  of  special  interest  to  the  Section 
ard  other  personnel  in  the  building.   Approximately  $16,000  was  spent  on 
books  and  subscriptions. 
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Contract  Operations.  Contracts  for  the  preparation  of  Cancer  Chemotherapy 
Abstracts  and  its  successor  Cancer  Therapy  Abstracts  have  been  monitored  by 
members  of  the  Literature  Research  Section  since  1965.  In  addition  to  the 
printed  journal  and  hard  copy  of  all  cited  articles,  computer  tapes  of  the 
abstracts  were  received  from  the  contractor.  Under  the  sponsorship  of  the 
International  Cancer  Research  Data  Bank,  these  were  input  to  the  Cancerline 
file  which  can  be  searched  on-line  through  the  Medlars  network.  This  pro- 
ject terminated  in  May,  1980. 
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SUMMARY  REPORT 

ASSOCIATE  DIRECTOR  FOR  DEVELOPMENTAL  THERAPEUTICS  PROGRAM 

DIVISION  OF  CANCER  TREATMENT 

NATIONAL  CANCER  INSTITUTE 

October  1,  1979  -  September  30,  1980 


The  Developmental  Therapeutics  Program  (DTP)  has  primary  operational  responsi- 
bility for  all  aspects  of  the  preclinical  development  of  antitumor  agents  for 
the  Division  of  Cancer  Treatment  (DCT) .   The  extramural  component  of  the  DTP 
is  located  in  the  Blair  Building  in  Silver  Spring,  Maryland,  where  directed 
drug  development  activities  are  contract-supported  and  a  Biochemistry  and 
Pharmacology  Program  is  administered  through  the  investigator-initiated 
grant  mechanism.   The  intramural  component  consists  of  a  laboratory  research 
operation  located  in  Building  37  on  the  NIH  campus  in  Bethesda,  Maryland. 

The  formal  Drug  Development  Program  is  managed  by  five  collaborative  branches: 
the  Drug  Synthesis  and  Chemistry  Branch  (DSCB) ,  Natural  Products  Branch  (NPB) , 
Drug  Evaluation  Branch  (DEB) ,  Pharmaceutical  Resources  Branch  (PRE) ,  and  the 
recently-formed  Toxicology  Branch  (TB) ,  derived  from  the  former  Laboratory  of 
Toxicology  in  the  intramural  component  of  the  DTP.   The  major  contract 
responsibility  of  the  latter  laboratory  was  deemed  more  appropriate  to  an 
extramural  operation,  thus  leading  to  its  abolition  and  the  disposition  of 
the  remaining  intramural  laboratory  research  segments  among  other  laboratories 
of  the  DTP  where  toxicology-related  investigations  continue  at  the  fundamental 
level.   The  grant-supported  activities  of  the  Biochemistry  and  Pharmacology 
Program  are  administered  by  a  Program  Director  and  are  based  on  recommenda- 
tions from  study  sections  within  the  NIH  peer  review  system. 

The  intramural  Laboratory  Research  Program  is  heavily-oriented  towards  funda- 
mental investigations  related  to  drug  development,  but  also  conducts  basic 
studies  in  molecular  biology,  biochemistry,  and  all  other  aspects  of  pre- 
clinical cancer  treatment  research.   These  studies  are  encompassed  within  the 
activities  of  the  Laboratory  of  Medicinal  Chemistry  and  Biology  (LMCB) , 
Laboratory  of  Chemical  Pharmacology  (LCP) ,  Laboratory  of  Molecular  Pharma- 
cology (LMP) ,  and  Laboratory  of  Tumor  Cell  Biology  (LTCB) . 

The  Office  of  the  Associate  Director  is  responsible  for  administrative  leader- 
ship and  scientific  integration  of  Branch  and  Laboratory  activities  of  the  DTP. 


Program  Accomplishments 

Collaborative  Branches 

A.   Selection  and  Acquisition  of  Agents  for  Screening 

The  Division's  current  screening  approach  is  to  place  increased  emphasis  on 
chemical  and  biological  rationales  in  the  selection  of  about  13,500  synthetic 
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compounds  per  year.   In  addition,  about  400-500  purified  natural  products  are 
selected  for  evaluation  in  the  in  vivo  mouse  P388  leukemia  prescreen.   These 
agents  are  acquired  through  the  combined  efforts  of  the  DSCB  and  the  NPB  using 
various  worldwide  surveillance  techniques  involving  chemical  and  pharmaceutical 
industries,  academic  institutions,  research  organizations  and  other  government 
laboratories.   Rational  preselection  of  synthetics  for  input  into  the  P388 
prescreen  is  guided  by  two  newly  developed  and  independent,  but  complimentary, 
approaches,  the  Criteria  Code  System  based  on  molecular  structural  consider- 
ations and  biologic  activity  and  a  computer-assisted  Statistical-Heuristic 
Method. 

During  the  past  year,  13,845  synthetic  compounds  and  522  crystalline  fermen- 
tation animal  and  plant  products  were  accessioned  into  the  DTP  as  candidates 
for  primary  screening.   Industrial  organizations  continued  to  be  the  leading 
suppliers  of  new  compounds  with  more  than  75%  of  the  total  submissions,  and 
academic  institutions  accounting  for  about  16%.   A  potentially  rich  source  of 
novel  compounds,  the  grantee,  accounted  for  less  than  1%  of  the  total  submis- 
sions.  Program  efforts  will  therefore  be  intensified  to  urge  grantees  to 
submit  new  compounds  to  the  DCT  Drug  Development  Program  for  testing  through 
collaborative  arrangements. 

During  the  past  year,  the  DSCB  implemented  the  Quick  Reaction  Work  Order 
Contract  mechanism  which  provides  for  the  synthesis  of  small  amounts  of  a 
variety  of  compounds  meriting  further  development.   This  contract  mechanism 
has  made  available  10  master  contracts  with  a  broad  spectrum  of  expertise  to 
synthesize  selected  compounds  representing  various  structural  classes.   The 
mechanism  is  rapid  and  cost-effective  and  is  expected  to  significantly  con- 
tribute to  Program  efforts  to  reduce  the  backlog  of  "QNS"  (quantity  not  suf- 
ficient) compounds  which  require  further  screening  tests. 

Another  important  development  has  been  the  DSCB's  role  in  implementing  the 
initial  steps  for  interlinking  of  chemical  and  biological  information  as 
part   of  the  function  of  a  proposed  Information  Technology  Branch  to  be 
established  during  the  coming  year.   Currently,  the  Chemistry  and  Biology 
Systems  are  each  operated  in  separate  branches,  the  DEB  and  DSCB,  with 
considerable  differences  in  operation  and  response  time.   This  has  led  to  a 
continued  source  of  problems  for  users  who  desire  a  single  output  for 
specific  queries  to  obtain  data  elements  from  both  systems.   Through  the 
formation  of  an  Interlink  Steering  Committee  and  the  recommendations  of  an 
independent  consultant  document  analyzing  our  current  information  systems, 
guidelines  have  been  developed  for  the  establishment  of  a  new  branch. 
Consolidation  of  our  information  resources  should  lead  to  greater  responsive- 
ness to  in-house  users  and  it  is  expected  that  support  will  ultimately  be 
extended  to  grantees  and  contractors. 

The  NPB  continued  to  provide  many  new  materials  for  fermentation,  plant,  and 
animal  origin  to  the  Program  for  testing  during  the  past  year.   In  addition, 
there  has  been  a  notable  improvement  in  our  plant  collecting  activities 
through  the  U.S.D.A.  Interagency  Agreement  which  has  provided  many  new 
species  for  testing  and  a  marked  reduction  in  duplicative  collections. 
A  significant  accomplishment  was  the  successful  completion  by  the  Branch  of 
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the  competitive  procurement  process  for  the  production  of  50  billion  units 
each  of  human  leukocyte,  lymphoblastoid  and  fibroblast  interferon.   Thus  far, 
two  awards  have  been  made  for  procurement  of  leukocyte  interferon  and  one 
award  for  fibroblast  interferon.   This  material  will  be  evaluated  in  the 
clinic  as  part  of  the  DCT's  newly  established  Biological  Response  Modifiers 
Program.   Finally,  the  first  candidate  compound  from  the  marine  program 
recently  (6/12/80)  passed  DN2A  for  further  development.   This  unique  compound 
(NSC-325319)  is  a  cyclic  depsipeptide  isolated  from  a  marine  tunicate 
(Didemnum  sp.)  which  encrusts  on  rocks  in  the  Caribbean  Sea.   It  is  composed 
of  10-11  mixed  amino  acid  and  hydroxyacid  units  and  complete  structural 
elucidation  is  expected  during  the  next  several  months. 

B.   Primary  Screening  and  Secondary  Evaluation 

The  DEB  reported  that  during  the  period  of  April  1,  1979  through  March  31, 
1980,  a  total  of  21,563  materials  (15,679  synthetics  and  5.884  natural 
products)  were  screened  for  the  first  time.   A  total  of  388  compounds  were 
selected  for  tumor  panel  testing  with  343  entered  on  the  basis  of  confirmed 
activity  in  the  leukemia  P388  in  vivo  pre-screen;  25  "bypassed"  the  P388  pre- 
screen  on  the  basis  of  known  biological  or  biochemical  activity  or  on  the 
basis  of  rational  synthesis;  20  were  recommended  by  DCT  Analog  Committees. 
In  addition,  14  new  compounds  passed  DN2A  or  above  during  the  period  4/1/79  - 
3/31/80  (Table  I). 

The  goal  of  the  screening  program  is  to  submit  at  least  500  compounds  annually 
into  the  panel  of  tumors  for  testing.   At  the  present  time,  this  is  an 
unrealistic  number  as  there  are  delays  in  obtaining  sufficient  amounts  of 
compound  required  for  complete  testing  and  considerable  difficulty  in  obtain- 
ing "unique"  structures  other  than  an  individual  agent  representing  an  active 
series  of  compounds.   The  former  problem  should  be  alleviated  when  maximum 
output  is  reached  through  the  Quick  Reaction  Work  Order  Contract  mechanism. 
A  solution  to  the  latter  problem  will  require  more  intensive  efforts  to 
improve  selection  criteria.   In  any  event,  260  compounds  annually  receive 
complete  panel  testing  and  this  is  expected  to  markedly  increase  during  the 
coming  year. 

The  problems  associated  with  the  use  of  human  tumor  xenografts  in  athymic 
"nude"  mice  as  part  of  the  tumor  panel  were  alluded  to  in  last  year's  summary 
report.   Essentially,  evaluation  of  drug  responsiveness  by  subcutaneously 
implanted  (SC)  human  tumors  in  these  immune-deprived  animals  required  one  or 
two  months,  thus  increasing  their  exposure  to  microbial  and  viral  infections. 
The  latter  frequently  resulted  in  the  necessity  for  substantial  retesting 
and/or  considerable  difficulty  in  interpreting  the  experimental  results. 
In  addition,  there  were  severe  problems  associated  with  the  production  and 
maintenance  of  these  animals.   The  latter  problem  has  now  been  solved  during 
the  past  year  through  establishment  of  improved  barrier  facilities  at 
breeding  and  screening  sites  as  well  as  from  Improved  maintenance  techniques. 
Furthermore,  a  major  modification  of  the  current  xenograft  system  was 
instituted  in  early  1980  by  the  DEB.   Essentially,  the  program  has  switched 
to  the  subrenal  capsule  (SRC)  model  developed  by  Mason  Research  Institute 
(contract  no.  N01-CM5-7030)  as  a  rapid  screen  (9-11  days)  against  human  tumor 
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xenografts.   The  switch  from  the  SC  to  the  SRC  was  made  on  the  basis  of  a 
comparative  study  of  three  different  human  tumors  (breast,  colon,  lung) 
implanted  subcutaneously  and  under  the  renal  capsule  with  respect  to  their 
responsiveness  to  112  drugs,  many  of  which  are  established  clinical  agents. 
A  detailed  analysis  of  the  study  is  outlined  in  the  DEB  annual  report. 
Since  the  implementation  of  the  change  in  xenograft  testing,  the  number  of 
materials  tested  against  the  SRC  models  is  about  twice  the  number  tested  in 
the  SC  models. 

In  another  important  development,  the  DEB  is  in  the  midst  of  the  competitive 
process  for  seeking  contractors  to  adapt  and  use  the  human  stem  cell  assay, 
as  described  by  S.  Salmon  and  A.  Hamburger,  for  drug  screening.   An  evalu- 
ation of  this  in  vitro  system  will  be  made  over  the  next  several  years  on 
over  one-thousand  compounds  against  ten  human  tumor  cell  lines,  no  more  than 
four  of  the  same  type.   The  goal  is  to  develop  rapid  in  vitro  pre-screens 
for  augmenting  or  possibly  replacing  our  current  screening  approach. 

C.   Chemical  Procurement  Bulk  Production  and  Formulation 

The  PRB  continued  to  meet  its  objectives  in  providing  high  quality  chemical 
compounds  and  formulated  products  as  well  as  radioactively  labeled  compounds 
for  laboratory  investigations  both  intramurally  and  extramurally,  for  pre- 
clinical toxicological  studies  and  for  the  clinic.   Included  among  agents 
prepared  in  bulk  quantities  for  subsequent  formulation  were  such  high  priority 
agents  as  methotrexate  (NSC-740) ,  AZQ  (NSC-182980) ,  PALA  (NSC-224131) ,  AMSA 
(NSC-249992) ,  pentamethylmelamine  (NSC-119742) ,  and  many  others. 

Particularly  notable  was  the  Branch's  development  of  improved  analytical 
methods  for  amygdalin  and  tetrahydrocannabinol  (THC,  NSC-134454) .   The  latter 
is  of  high  Program  interest  as  an  antiemetic  for  chemotherapy- induced  nausea 
and  vomiting.   Efforts  are  also  underway  to  improve  the  bioavailability  of 
THC  dosage  forms  and  provide  quantities  of  the  material  for  the  national  THC 
antiemetic  clinical  trials  program.   Another  significant  accomplishment  was 
the  development  of  an  experimental  formulation  for  spirohydantoin  mustard 
(NSC-172112) ,  first  synthesized  in  the  DTP  intramural  program,  which  will 
allow  it  to  proceed  into  preclinical  toxicology  studies. 

Over  the  past  several  years,  the  Program  has  experienced  a  greater  frequency 
of  formulation  problems  involving  poorly  water-soluble  compounds,  particularly 
natural  products.   In  a  number  of  instances,  solubilization  of  these  compounds 
for  intravenous  administration  using  special  formulations  has  resulted  in 
diminished  activity  and  increased  toxicity  in  rodents  bearing  tumors  as 
compared  to  intraperitoneal  injection  of  these  compounds  as  suspensions. 
This  has  created  somewhat  of  a  "backlog"  in  the  formulation  area  and  increased 
attention  must  be  given  to  this  problem  to  maintain  a  steady  flow  of  compounds 
through  the  drug  development  process. 
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D.  Preclinical  Toxicology 

During  the  past  year  the  Program  made  several  significant  changes  and  modifi- 
cations in  its  preclinical  toxicology  protocol  for  antitumor  agents.   Follow- 
ing several  meetings  with  FDA  and  a  subcommittee  of  its  Oncologic  Drugs 
Advisory  Committee,  the  latter  recommended  approval  of  a  modified  version  of 
the  NCI's  proposal  for  new  preclinical  toxicology  guidelines.   The  new 
protocol  limits  testing  to  mice  and  some  dogs  while  removing  the  requirement 
for  monkeys.   Another  key  element  of  the  new  proposal  is  the  elimination  of 
the  requirement  for  completing  histopathology  in  mice  and  dogs  prior  to 
initiation  of  Phase  I  clinical  trials.   These  studies  need  not  be  completed 
until  initiation  of  Phase  II  clinical  trials.   In  addition,  studies  on  tera- 
togenicity and  carcinogenicity,  if  possible,  should  be  completed  prior  to 
formal  NDA  approval. 

In  the  revised  protocol,  LDj^Q'  ^^50'  ^^^   ^^90  determinations  in  the  mouse 
would  be  computed  from  single  dose  and  daily  times  5  dose  schedules.   The 
mice  would  then  be  observed  for  a  minimum  of  28  days  to  allow  recovery  from 
acute  toxic  effects  of  the  drug.   Then  the  single  dose  and  daily  times  5  dose 
schedules  would  be  used  in  dogs.   The  initial  dose  would  be  0.1  (or  less) 
the  LDjq  (mg/m^)  in  the  mouse.   One  or  more  additional  dose  levels  would  be 
given  to  produce  overt  toxicity  to  ensure  that  all  qualitative  toxicities 
inherent  in  the  test  agent  are  produced.   At  least  4  dogs  would  be  included 
at  each  dose  level  and  2  animals  would  be  held  for  a  60-day  period  in  order 
to  observe  possible  delayed,  or  irreversible  toxicity.   Thus,  3-4  months 
would  be  required  to  complete  the  necessary  preclinical  toxicology  before 
initiation  of  Phase  I  clinical  trials  as  compared  to  9-12  months  using  the 
old  protocol.   Since  Phase  I  clinical  studies  usually  require  6-12  months 
for  completion,  sufficient  time  would  be  available  to  complete  histopathology 
studies  prior  to  Phase  II  clinical  trials. 

During  the  past  year  abbreviated  toxicity  studies  and  special  toxicity  studies 
in  response  to  Program  requests  were  completed  on  several  cis-platinum  analogs 
(NSC-146068,  NSC-224964,  NSC-241240,  NSC-250427,  NSC-256927,  NSC-271674) ,  two 
tricyclic  nucleosides  (NSC-154020,  NSC-280594) ,  ellipticine  (NSC-71795), 
mAMSA  (NSC-249992),  and  two  radiosensitizers  (NSC-261036,  NSC-261037)  and 
THC.   Task  I  full  protocol  studies  are  now  underway  using  the  new  preclinical 
toxicology  guidelines  on  spirohydantoin  mustard  (NSC-172112) ,  tricyclic 
nucleoside  (NSC-280594)  and  the  radioprotector ,  WR-2721  (NSC-296961) . 

E.  Program  Activities  at  Frederick  Cancer  Research  Center  (FCRC) 

During  the  past  year  the  Chemotherapy  Fermentation  Program  (CFP) ,  under  the 
direction  of  the  NPB,  DTP,  produced  two  important  materials  on  a  large-scale, 
namely  daunorubicin  and  human  lymphoblastoid  interferon.   Over  3  kilograms  of 
clinical  grade  daunorubicin  were  prepared.   The  production  of  400  liters/ 
month  of  crude  human  lymphoblastoid  interferon  was  also  accomplished.   This 
material  contained  a  total  of  2.8  x  10   units  of  interferon  and  after  partial 

Q 

purification,  a  total  of  1.5  x  10   units  was  delivered  to  Dr.  C.B.  Anfinsen, 
NIAMDD,  for  further  purification  and  biochemical  and  structural  character- 
ization studies.   Another  major  project  was  the  production  of  Largomycin  FII 
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(NSC-237020) ,  an  agent  which  had  complete  panel  testing  and  should  be  ready 
for  preclinical  toxicology  studies  when  sufficient  material  is  produced  for 
human  formulation.   Also  produced  on  a  small  scale  were  Verrucarin,  Pyocin 
1-4,  Sparsomycin  and  Veillonella  lipopolysaccharide  for  further  studies  at 
the  NCI. 

The  Biological  Markers  Program  (BMP)  conducts  basic  research  activities  in 
oncodevelopmental  gene  expression,  DNA-binding  proteins,  hormone  markers  and 
pharmacology  and  drug  metabolism.   The  oncodevelopmental  gene  section  has 
characterized  the  synthesis,  processing  and  secretion  of  human  chorionic 
gonadotropin  (hCG)  by  human  cancer  cells  growing  both  in  culture  and  in  nude 
mice.   Two  intracellular  precursor  forms  of  the  alpha  and  beta  subunits  of 
hCG  have  been  identified  and  molecular  weights  in  the  range  of  15,000-18,000 
have  been  assigned.   The  observed  incidence  of  detectable  hCG  in  patient 
plasma  using  radioimmunoassay  is  much  below  the  frequency  of  binding  hCG 
moieties  in  the  patient's  tumor  tissue  obtained  at  surgery.   Studies  are 
underway  to  determine  mechanisms  which  control  the  secretion  of  synthesized 
forms  of  hCG  so  as  to  develop  means  for  increasing  the  secretion  of  hCG  in 
patients  to  gain  the  advantage  of  measurable  levels  of  the  marker  in  their 
blood. 

Studies  have  been  continued  on  DNA-binding  proteins,  several  of  which  have 
been  identified,  purified,  and  characterized  as  unique.   One  of  these,  C3DP, 
is  a  fragment  of  complement  component  C3  and  appears  to  be  a  useful  marker 
for  staging  and  following  chemotherapy  of  patients  with  small  cell  carcinoma 
of  the  lung.   MAD-2  is  a  fragment  of  fibronectin  which  is  elevated  in  the 
plasma  of  patients  with  a  variety  of  carcinomas  and  needs  further  investi- 
gation as  to  its  usefulness  as  a  marker.   The  third  DNA-binding  protein  is 
MAD-3  which  was  recently  isolated  and  related  to  alpha-one-acid  glycoprotein. 

Precursor  forms  of  calcitonin  are  present  in  normal  thyroid  gland,  medullary 
carcinoma  of  the  thyroid,  metastases  of  thyroid  cancer,  and  serum  of  cancer 
patients  as  well  as  in  several  cultured  human  cancer  cell  lines.   These 
precursor  forms  can  be  measured  by  specific  antisera  and  have  a  higher 
detection  rate  in  cancer  patients. 

Finally,  analytical  methodology  was  developed  for  the  detection  of  indicine- 
N-oxide  (NSC-132319)  in  biological  fluids  to  enable  studies  of  its  distri- 
bution, excretion  and  metabolism  in  patients  currently  receiving  this  drug 
in  Phase  II  clinical  trials. 

Intramural  Laboratories  -  Research  Highlights 

Laboratory  of  Chemical  Pharmacology  (LCP) 

The  LCP  continued  studies  during  the  past  year  on  the  pharmacology  of  m-AMSA 
(NSC-249992),  misonidazole  (NSC-261037) ,  desmethylmisonidazole  (NSC-261036) 
hydroxyanthracenedione  (NSC-301739)  and  thymidine  (NSC-21548) . 


202 


The  principal  biliary  metabolite  of  m-AMSA  was  isolated,  purified,  and 
identified  as  m-AMSA-5' -glutathione.   The  synthesized  metabolite  reacted 
with  excess  glutathione  to  yield  the  9-acridine-thioether  of  glutathione. 
This  finding  suggested  bioactivation  of  m-AMSA  in  vivo  to  a  diimine 
metabolite,  m-AQDI  and  a  monoimine  quinone  metabolite,  m-AQI  which  were 
shown  to  be  considerably  more  cytoxic  in  vitro  against  L1210  cells  than 
m-AMSA.   The  m-AMSA  glutathione  conjugate  was  not  cytotoxic.   The  studies 
suggest  that  m-AMSA  may  be  bio-activated  to  a  quinoidal  metabolite  which 
reacts  rapidly  with  critical  macromolecules  resulting  in  cell  death  or 
reacts  with  non-critical  molecules  such  as  reduced  glutathione  resulting  in 
detoxification  and  elimination.   The  possible  covalent  binding  of  m-AMSA 
with  DNA  is  currently  under  investigation. 

Clinical  pharmacological  studies  with  the  radiosensitizer ,  misonidazole, 
suggest  that  maximum  tumor  levels  of  the  agent  occur  much  earlier  after 
intravenous  administration  than  after  oral  administration.   There  was  also 
clinical  and  experimental  evidence  of  increased  metabolism  and  plasma 
clearance  of  misonidazole  due  to  microsomal  enzyme  induction  by  either 
phenytoin  or  phenobarbital.   Clinical  studies  are  planned  to  determine 
whether  increased  metabolism  of  misonidazole  will  reduce  drug  toxicity. 

The  pharmacokinetics  of  the  metabolite  of  misonidazole,  desmethylmisonidazole, 
was  studied  in  dogs  after  both  oral  and  IV  administration.   Apparent  volume 
of  distribution  of  this  compound  was  similar  to  that  observed  for  IV  adminis- 
tered misonidazole  and  70%  of  the  drug  is  rapidly  absorbed  following  oral 
dosage,  reaching  peak  plasma  levels  in  1  hour. 

Preliminary  disposition  studies  were  conducted  with   C-labeled  dihydroxy- 
anthracenedione  in  rats.   Plasma  radioactivity  disappearance  curves  fit  a 
two-compartment  open  model.   Excretion  was  about  equally  divided  by  the 
urinary  and  fecal  routes,  but  a  considerable  amount  of  the  radioactive  dose 
was  bound  to  cellular  materials  for  as  long  as  14  days.   An  HPLC  assay  has 
been  developed  to  study  the  fate  of  the  parent  compound  and  isolate  metabo- 
lites for  identification. 

In  continuing  studies  with  thymidine,  the  Laboratory  is  exploring  the  effects 
of  high  and  sustained  thymidine  plasma  concentrations  in  the  mouse  to  test 
its  toxicity  and  therapeutic  effect.   To  aid  these  studies,  an  improved 
extraction  and  HPLC  procedure  has  been  developed  to  speed  up  the  analysis 
of  samples  containing  thymidine,  thymine,  deoxycytidine  and  other  nucleosides. 

Some  of  the  more  interesting  findings  made  during  the  past  year  in  continuing 
studies  of  the  distribution  of  antitumor  agents  and  other  model  compounds 
between  the  blood,  brain  and  cerebrospinal  fluid  (CSF)  included:   (a)  the 
slow  uptake  of  l-^C-labeled  AZQ  (NSC-182986)  into  the  CNS  from  the  blood, 
despite  the  drug's  relatively  high  lipid  solubility,  which  is  not  a  result 
of  diminished  cerebral  blood  flow  in  awake  rats;  (b)  the  poor  CSF  penetration 
of  m-AMSA  given  IV  in  monkeys  with  CSF  concentrations  never  exceeding  2-4% 
of  blood  levels;  (c)  the  similarity  in  blood  flow  patterns  between  an 
ethylnitrosourea- induced  primary  brain  tumor  (oligodendroglioma)  and  normal 
brain  tissue  in  the  rat;  and  (d)  the  "opening"  of  the  blood-brain  barrier 
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by  arterial  infusions  of  hyperosmotic  solutions  as  a  means  for  enhancing 
antitumor  drug  uptake  in  cortical  and  other  gray  matter  areas  of  the  brain. 

Studies  on  the  lymphatic  absorption  of  free  versus  liposome-encapsulated 
adriamycin  administered  intraperitoneally  to  rats  revealed  that  liposomal 
encapsulation  enhanced  uptake  of  adriamycin  by  lymph  channels  and  its  concen- 
tration by  Ijmiph  nodes.   The  intravenous  route  resulted  in  no  differences  in 
drug  concentrations  in  the  lymph  nodes  between  liposome-encapsulated 
adriamycin  and  the  free  drug. 

Pharmacologic  studies  with  polymer-linked  antitumor  agents  have  shown  that 
the  synthetic  polymer  divinyl  ether  maleic  acid  (DIVEMA)  with  known  immune 
stimulating  properties  does  not  appear  to  be  useful  therapeutically  when 
covalently  bound  to  antitumor  agents  such  as  methotrexate  and  cyclophosphamide. 

A  recently  developed  in  vitro  system  utilizing  isolated  rat  heart  myocytes  is 
being  assessed  as  a  possible  rapid  and  inexpensive  system  for  evaluating  the 
cardiotoxicity  of  anthracycline  analogs  and  other  antitumor  agents. 

The  evaluation  of  the  embryotoxic  and  cytogenic  effects  of  two  inhibitors  of 
the  adenosine  deaminase  enzyme,  2 '-deoxycoformycin  (DCF,  NSC-218321)  and 
erythro-9-(2-hydroxyl-3-nonyl) -adenine  (EHNA,  NSC-263164)  was  conducted  in 
mice.   Neither  DCF  nor  EHNA,  when  given  alone,  is  markedly  teratogenic. 
However,  when  either  inhibitor  was  used  in  combination  with  adenosine 
arabinoside,  significant  embryotoxic  effects  were  noted  which  were  most 
prominent  when  exposure  took  place  over  days  7-11  of  gestation.   Two  anthra- 
cenediones  were  also  studied  for  embryotoxicity.   Significant  embryotoxicity 
was  seen  with  dihydroxyanthracenedione  (NSC-301739) ,  but  not  with  anthracene- 
dione. 

Laboratory  of  Medicinal  Chemistry  and  Biology  (LMCB) 

The  LMCB  gives  particular  emphasis  to  biochemical  and  pharmacological  studies 
of  agents  which  have  originated  from  within  the  Laboratory's  drug  synthesis 
program,  but  also  to  agents  originating  from  other  sources.   Examples  of 
drugs  originating  from  the  LMCB  include  AZQ  (NSC-182986)  which  is  presently 
in  clinical  trial,  spirohydantoin  mustard  (NSC-172112)  which  is  in 
toxicologic  evaluation  prior  to  Phase  I  clinical  study,  and  dihydro-5- 
azacytidine  (NSC-264880)  which  is  scheduled  for  toxicologic  studies. 

To  expedite  the  clinical  pharmacology-Phase  I  studies  of  AZQ,  a  quantitative 
HPLC  method  was  developed  for  its  analysis  in  plasma  urine  and  CSF  to  levels 
as  low  as  5  ng/ml. 

In  the  continuing  search  for  effective  inhibitors  of  cytidine  deaminase, 
an  enzyme  responsible  for  the  catabolic  deamination  of  both  ara-C 
(NSC-63878)  and  5-azacytidine  (NSC-102816) ,  several  new  7-member  pyrimidine 
nucleosides  have  been  prepared.   These  were  found  to  be  10  times  more  potent 
(K-j^  =  2  X  10~°M)  as  inhibitors  of  cytidine  deaminase  than  tetrahydrouridine. 
In  vivo  biological  testing  is  planned  in  combination  with  ara-C. 
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An  extensive  study  of  the  effect  of  structural  variations  on  antitumor 
activity  within  the  colchicine  series  was  completed  as  part  of  the 
Laboratory's  long-term  interest  in  this  area.   Acute  toxicity  (LD50)  studies 
of  this  series  are  underway.   Preliminary  results  indicate  that  the  toxicity 
and  activity  correlations  are  parallel  and  show  the  same  dependence  on  log  P, 
(log  P)2  and  the  beneficial  effect  of  electron  withdrawing  groups  on  the 
amide  nitrogen.   The  optimal  log  P  (log  Pq)  values  for  both  activity  and 
toxicity  were  similar  (1.72  vs  1.52).   The  4-formyl,  4-cyano  and  4-hydroxy- 
methyl  derivatives  were  synthesized  for  biological  evaluation  in  order  to 
study  the  effect  of  substituents  in  the  4-position  (A-ring)  on  colchicine 
antitumor  activity  and  toxicity. 

Studies  were  also  continued  on  the  effects  of  nucleoside  analogs  on  RNA 
synthesis,  RNA  methylation  and  on  translational  activity  of  mRNA  following 
incorporation  of  these  moieties.   Some  of  the  effects  observed  included: 
(a)  the  non- impairment  of  transcription  but  inhibition  of  post-transcrip- 
tional  polyadenylylation  by  5-FU  in  L1210  cells  in  vitro.   Incorporation  of 
5-FU  into  nuclear  RNA  and  particularly  poly  (A) -containing  RNA  appeared  to 
be  the  predominant  feature  of  this  drug  with  respect  to  transcription. 
Methylation  of  4S  nuclear  RNA  was  also  impaired  by  5-FU  at  concentrations 
which  did  not  impair  transcription;  (b)  the  indications  of  a  dual  mechanism 
for  resistance  of  murine  leukemia  P388  to  5-FU  being  related  to  depressed 
capacity  to  generate  di-  and  triphosphates  of  the  riboside  and  deoxyriboside 
leading  to  lower  pools  of  FUTP  and  accelerated  excretions  of  FdUMP  so  that 
thymidylate  synthetase  is  perturbed  in  a  less  than  lethal  way;  (c)  the 
inhibition  of  thymidylate  synthetase  and  enhanced  incorporation  of  5-FU  into 
RNA  by  the  combination  of  PALA  and  5-FU  as  compared  to  5-FU  alone; 
(d)  incorporation  into  all  species  of  nuclear  RNA  of  5-azacytidine  (AZC) 
and  5 ,6-dihydro-5-azacytidine  (DHAZC)  when  used  in  combination  at  concen- 
trations that  did  not  impair  transcription.   These  results  suggest  that  AZC 
and  DHAZC  at  low  concentrations  may  produce  their  cytotoxic  and  antitumor 
effects  via  their  incorporation  into  nRNA,  and  at  higher  concentrations 
inhibit  the  methylation  of  rRNA,  as  well  as  transcription  of  rRNA  and 
polyadenylic  acid-containing  RNA;  (e)  the  predominant  RNA  rather  than  DNA 
inhibitory  effects  of  sangivamycin  and  thiosangivamycin  which  act  as 
adenosine  analogs  to  inhibit  the  transcription  of  all  forms  of  nuclear  RNA 
in  L1210  cells;  and  (f)  the  preferential  inhibition  of  base  methylation  of 
nuclear  RNA  relative  to  its  synthesis  by  tubercidin,  8-azaadenosine  and 
formycin  in  L1210  cells  in  vitro. 

In  biochemical  mechanism  studies  of  PALA  (NSC-224131) ,  an  inhibitor  of 
aspartate  transcarbamylase  (ATCase) ,  the  activity  of  this  enzyme  was 
examined  in  several  Lewis  lung  carcinoma  resistant  lines.   The  results 
showed  that  either  ATCase  turns  over  more  rapidly  in  PALA-resistant  tumors 
or  that  increased  carbamylphosphate  levels  displace  PALA  from  its  target, 
thus  diminishing  ATCase  inhibition.   Carbamyl  phosphate  synthetase  II 
(CPS  II)  was  shown  to  be  the  first  and  rate-limiting  enzyme  in  the  resistant 
lines  and  was  significantly  elevated.   To  render  PALA  resistant  tumors 
sensitive  to  the  drug,  Acivicin  (AT  125,  NSC-163501)  was  examined  as  an 
inhibitor  of  CPS  II.   In  vivo,  PALA: Acivicin  combinations  gave  significant 
inhibition  of  Lewis  lung  tumor  growth  in  resistant  lines  which  did  not 
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respond  to  either  agent  alone.   Thus  carbamyl  phosphate  production  appears 
to  be  an  important  modulation  of  PALA  therapeutic  activity. 

Biochemical  studies  continuing  with  L-Alanosine  (NSC-153353)  have  established 
that  the  adduct  of  this  agent  with  5-amino-4-imidazole  carboxylic  acid 
ribonucleotide  is  an  active  metabolite  formed  by  tumors.   It  is  responsible 
for  the  inhibition  of  adenylosuccinate  synthetase  and  in  turn  for  the 
diminished  synthesis  of  DNA  seen  after  a  therapeutic  dose  of  L-Alanosine. 

The  carrier  system  responsible  for  the  uptake  of  melphalan  (NSC-8806)  and 
related  nitrogen  mustards  by  tumor  cells  has  been  further  defined  and  the 
information  is  of  potential  aid  in  the  rational  design  of  new  alkylating 
agents.   Melphalan  uptake  into  L1210  leukemia  cells  appears  to  be  dependent 
on  a  well-known  L-system  which  mediates  the  uptake  of  branch-chained  and 
aromatic  amino  acids  and  a  less  well  defined  system  with  high  affinity  for 
leucine  and  a  lower  affinity  for  melphalan,  alanine,  phenylalanine  and 
serine.   Bone  marrow  progenitor  cells  of  the  white  cell  series  lack  the 
L-system.   These  observations  suggest  that  amino  acid  nitrogen  mustard 
which  incorporates  the  structural  features  of  amino  acids  transported 
primarily  by  the  L-system  would  show  greater  toxicity  of  tumor  cells  vs. 
normal  bone  marrow  cells  than  would  melphalan  which  is  only  partially 
dependent  on  the  L-system  for  transport.   Consequently  the  tricyclic  amino 
acid,  2-aminoacid  2-aminoadamantane-2-carboxylic  acid  mustard,  derivatives 
are  being  studied. 

In  continuing  studies  of  the  mechanism  by  which  adriamycin  exerts  its  dose- 
limiting  cardiomyopathic  effects,  it  was  felt  that  this  widely  clinically 
used  agent  impairs  drug-metabolizing  ability  of  microsomes  in  view  of  its 
ability  to  increase  the  rate  of  lipid  peroxidation  via  formation  of  semi- 
quinone  radicals  capable  of  transferring  electrons  to  molecular  oxygen. 
Impairment  of  drug  metabolizing  enzyme  activity  was  seen  in  vitro  using  rat 
liver  microsomes  with  adriamycin,  but  not  observed  with  microsomes  derived 
from  adriamycin  pretreated  rats.   Thus  in  vivo  there  appears  to  be  protective 
mechanisms  against  lipid  peroxidation  in  the  presence  of  adriamycin. 

A  number  of  antitumor  active  natural  product  compounds  are  known  to  exert 
their  effects  on  microtubule  structure  and  function.   As  part  of  a  project 
to  study  the  process  of  microtubule   polymerization  to  aid  in  the  detection 
of  new  sites  for  therapeutic  attack,  a  number  of  methods  have  been  explored 
to  stabilize  tubulin  for  attempts  at  further  purification.   Preliminary  data 
indicate  that  glutamate  causes  tubulin  to  aggregate  and  then  precipitate  in 
a  stable  conformation.   Organic  phosphates  are  also  highly  effective. 
Synergistic  stabilizing  effects  were  seen  when  combination  of  glutamate  and 
organic  phosphates  were  used. 
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Laboratory  of  Molecular  Pharmacology  (IMP) 

The  major  areas  of  Investigation  in  the  LMP  involve  (a)  studies  of  the  effects 
of  DNA-reactive  drugs  in  mammalian  cells  in  relation  to  cytotoxic  mechanisms, 
and  (b)  studies  of  nuclear  proteins  and  chromatin.   Studies  of  DNA  damage 
and  repair  have  been  greatly  facilitated  by  the  Laboratory's  pioneering 
research  and  development  of  the  alkaline  elutlon  technique  which  is  also 
becoming  widely  used  in  other  laboratories  in  relation  to  carcinogen  screens, 
DNA  repair  studies,  and  chemotherapy  studies.   The  Laboratory  has  placed 
emphasis  during  the  past  few  years  on  DNA  lesions  produced  by  single-strand 
breaks,  DNA-protein  crosslinks,  and  interstrand  crosslinks.   The  most  recent 
studies  have  involved  measurement  of  two  additional  DNA-lesions,  double- 
strand  breaks  and  alkali-labile  sites. 

A  major  finding  during  the  past  year  involved  the  discovery  of  a  methylation- 
repair  defect  in  certain  human  tumor  cells  which  confers  sensitivity  to 
chloroethylnitrosoureas.   These  cells  are  deficient  in  the  ability  to  remove 
0^-methyl-guanine  from  DNA.   Furthermore,  the  chloroethylnitrosourea-treated 
cells  form  much  higher  levels  of  interstrand  crosslinks  than  do  cells  that 
retain  this  repair  mechanism.   Identification  of  this  defect  in  naturally 
occurring  tumors  by  use  of  DNA  crosslinking  assays  should  indicate  which 
type  of  tumors  are  vulnerable  to  treatment  with  chloroethylnitrosoureas. 

Tumors  with  the  methylation-repair  defect  which  are  sensitive  to  chloroethyl- 
nitrosoureas were  not  sensitive  however,  to  other  DNA  crosslinking  agents, 
such  as  cis-platinum.   This  finding  suggests  that  human  tumors  may  have 
particular  defects  in  DNA  repair  that  make  them  susceptible  to  treatment 
with  particular  DNA  damaging  agents. 

Two  additional  antitumor  intercalating  agents,  m-AMSA  (NSC-249992)  and 
dihydroxyanthracenedione  (NSC-301739) ,  produce  DNA-protein  crosslinks 
associated  with  DNA  strand  breaks  that  is  characteristic  of  several  other 
intercalators  such  as  ellipticine  and  adriamycin.   It  is  hypothesized  that 
the  DNA-linked  protein  is  an  enzyme  that  induces  the  strand  break  as  a 
response  to  DNA  torsion  resulting  from  the  intercalation  process. 

Investigations  of  nuclear  proteins  during  the  past  year  involved  development 
of  improved  techniques  of  polyacrylamide  gel  electrophoresis  of  these 
proteins.   This  has  allowed  enhanced  resolution  of  different  proteins  and 
analysis  of  acetylated  and  phosphorylated  forms  of  histones.   In  addition, 
a  new  peptide  mapping  technique  was  developed  which  permits  quantitative 
analysis  of  tryptic  peptides  from  individual  protein  spots  cut  out  of 
2-dimensional  gels. 

With  the  above  techniques,  two  new  variant  forms  of  histone  H2A  were 
discovered  which  differ  more  extensively  from  previously  known  H2A  variants. 
Identification  was  made  of  ubiquitin  covalently  linked  protein  adducts  of 
the  new  and  old  H2A  variants  and  of  H2B.   The  metabolism  of  the  ubiquitin 
component,  which  is  distinct  from  that  of  histones,  is  currently  under  study. 
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Laboratory  of  Tumor  Cell  Biology  (LTCB) 

The  Laboratory  has  long  had  an  interest  in  the  development  of  methods  for  the 
continuous  growth  in  culture  of  specific  kinds  of  hematopoietic  cells  for 
biochemical,  molecular  biological,  and  biological  studies  of  the  pathogenesis 
of  leukemia.   The  Laboratory  has  previously  reported  of  the  discovery  of  a 
factor,  designated  the  T-cell  growth  factor  (TCGF)  in  phytohemagglutinin- 
stimulated  Ijmiphocyte  conditioned  media  which  allowed  prolonged  propagation 
in  suspension  culture  of  human  T- lymphocytes  from  peripheral  blood  or  bone 
marrow.   These  cells  have  been  maintained  in  culture  for  periods  in  excess 
of  one  year  and  remain  dependent  on  the  growth  factor.   The  cultured  T- 
lymphocytes  have  characteristic  properties  associated  with  this  cell  type 
and  retain  their  normal  karyotype.   During  the  past  year,  the  Laboratory 
successfully  purified  more  than  four  hundred-fold  human  TCGF  from  serum-free 
media  utilizing  a  sequence  of  ion  exchange  chromatography  and  gel  filtration. 
The  purified  growth  factor  has  a  molecular  weight  of  23,000,  an  isoelectric 
point  of  6.8  and  has  characteristics  of  a  non-glycosylated  protein.   The 
purified  TCGF  lacks  colony-stimulating  activity,  does  not  initiate  blasto- 
genesis  in  peripheral  blood  lymphocytes,  but  is  a  selective  mitogen  for 
T-cells  which  have  undergone  blast  transformation  secondary  to  exposure  to 
a  lectin  or  antigen. 

In  further  studies  of  TCGF,  the  partially  purified  factor  was  shown  to 
support  the  long-term  growth  of  T-cells  from  peripheral  blood  or  bone  marrow 
from  patients  with  various  T-cell  malignancies  without  prior  stimulation 
with  mitogen  or  antigen.   This  is  in  marked  contrast  to  T-cells  obtained 
from  normal  donors  whose  mitogen  or  antigen  activation  must  take  place  before 
they  can  be  grown  with  the  partially  purified  TCGF. 

Retroviruses  have  been  implicated  in  the  causation  of  some  sarcomas, 
lymphomas,  and  leukemias  in  a  variety  of  animals.   Recently  the  LTCB  has 
reported  the  isolation  of  a  human  T-cell  lymphoma  virus  (HTLV)  from  the 
fresh  blood  cells  and  two  T-cell  lines  established  a  year  apart  from  a 
patient  with  a  cutaneous  T-cell  lymphoma  (mycosis  fungoides) .   Both  mature 
and  immature  extracellular  virus  particles  were  produced  in  this  cell  line. 
The  size,  morphology,  and  budding  properties  of  the  HTLV,  strain  C.V. , 
indicate  that  it  is  a  type-C  virus  with  similarities  to  animal  type-C 
avian  and  mammalian  viruses. 

In  continuing  studies  with  the  new  retrovirus  HTLV,  a  reverse  transcriptase 
was  isolated  and  characterized  by  the  LTCB.   The  properties  of  the  HTLV 
reverse  transcriptase  were  immunologically  distinguishable  from  those  of 
known  type-C,  -B,  and  -D  retroviruses,  thus  supporting  the  discovery  of  a 
novel  oncornavirus  which  may  be  associated  with  certain  human  T-cell 
malignancies . 
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TABLE  I 
COMPOUNDS  THAT  PASSED  DECISION  NETWORK  2A  {h/l/l^   -    3/31/80) 


NSC# 

"25855      4-Thiazolidinecarboxylic  acid  Synthetic 

156315      Ammonium,  tetraethyl-,  dodeca-N-chlorohex=  Synthetic 

achlorohexatantalate(2-) (2.1),  octahedro- 

212509      Ergosta-2, 24-dien-26-oic  acid,  5,6-epoxy-=  Plant 

4  ,14  ,17,20,22-pentahydroxyl-l-oxo-,S  -lactone, 
(4  ,5  ,6  ,17  ,22R)- 

226080      Rapamycin  Fermentation 

262216      Discreet  Synthetic 

262666      l,4-Diazoniabicyclo[2. 2. IJheptane,  l,4-bis=  Synthetic 

(2-chloroethyl)-,  (Z^)-2-butenedioate  (1:2) 

278214      Carbamic  acid,  (1-methylethyo)-,  [5-(3,4-=  Synthetic 

dichlorophenyl)-2,3-dihydro-lH-pyrrolizine-= 
6 , 7-diyl]bis (methylene)  ester 

280594      1 ,4  ,5 ,6 ,8-Pentaazaacenaphthylen-3-amine,  1,5-=       Synthetic 
dihydro-5-methyl-l- (5-^-phosphono-  -D-ribo= 
f uranosyl)- 

296934      l,3,5-Triazine-2,4,5(lH,3H,5H)-trione,  1,3,5-=       Synthetic 
tris(oxiranylmethyl)-,  (  )- 

301467      lH-Imidazole-1-acetamide,  N-(2-hydroxyethyl)-=       Synthetic 

2-nitro- 
303565      1,3-Propanediamine,  N,N^-diethyl-N'-=  Synthetic 

(6-methyl-5H-pyrido[3' ,4' :4,5]pyrrolo-= 

[2  ,3-g^]  isoquinolin-10-yl)- 

312887      9H-Pruin-6-amine,  2-f luoro-9-(5-0^-phosphono-=        Synthetic 
-I3-arabinofuranosyl)- 

314055      lH-Imidazole-1-acetamide,  N,N-bis(2-hydroxy=         Synthetic 
ethyl) -2-nitro- 

331615      Levonantradol  hydrochloride  Synthetic 


"Passed  Decision  Network  2A  and  2B 
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ANNUAL  REPORT  OF  THE  DRUG  SYNTHESIS  &  CHEMISTRY  BRANCH 
DEVELOPMENTAL  THERAPEUTICS  PROGRAM 
DIVISION  OF  CANCER  TREATMENT 
October  1,  1979  -  September  30,  1980 

The  Drug  Synthesis  and  Chemistry  Branch  (DS&CB)  occupies  the  front-end 
position  in  the  Linear  Array  for  drug  development.   As  such,  the  funda- 
mental responsibility  of  the  Branch  is  the  acquisition  and  management  of 
the  flow  of  unique  synthetic  compounds  for  evaluation  as  potential  anti- 
cancer agents  in  the  Developmental  Therapeutics  Program  (DTP) . 

The  DS&CB  achieves  its  central  mission  by  engaging  in  a  variety  of  Program 
activities,  namely;  selective  acquisition,  Task-Order  syntheses,  contract 
syntheses,  Cancer  Research  Emphasis  Grants  (CREGS) ,  storage  and  distribu- 
tion. Chemical  Information  Systems  (CIS)  and  worldwide  surveillance. 

The  DS&CB  has  undergone  major  shifts  both  in  program  and  personnel.   Con- 
sistent with  the  Division  of  Cancer  Treatment's  (DCT)  policy  of  deemphasiz- 
ing  contracts,  the  Branch  has  phased  out  several  research  contracts.   We 
have  implemented  the  new  Task-Order  contract  mechanism  for  the  synthesis  of 
compounds  of  interest.   Working  closely  with  the  Drug  Evaluation  Branch,  we 
have  initiated  work  toward  accomplishing  the  chemistry-biology  interlink. 
The  Program  staff  has  changed,  and  the  existing  staff  has  assumed  new  roles 
and  responsibilities  as  dictated  by  the  dynamics  of  a  changing  Program. 

Objectives 

The  objectives  of  the  DS&CB  are:   to  acquire  unique  chemical  agents  for 
evaluation  as  potential  antitumor  agents;  to  explore  and  develop  new  classes 
of  chemicals  as  preclinical  candidates;  to  develop  and  utilize  the  CIS;  to 
manage  the  accession,  storage  and  distribution  of  all  the  chemical  agents 
that  enter  the  Program;  to  maintain  worldwide  surveillance  to  ensure  a  steady 
flow  of  novel  compounds  to  the  Program,  and  to  disseminate  developing  struc- 
ture-activity relationships  to  the  scientific  community. 

Program  Organization 

To  meet  the  above  objectives,  the  DS&CB  is  organized  on  traditional  lines, 
namely,  the  Office  of  the  Chief,  the  Drug  Synthesis  Section,  and  the 
Chemical  and  Drug  Information  Section.   Presently  the  Branch  is  staffed  by 
eight  professionals  and  five  technical  and  clerical  personnel.   The  Section 
Head  vacancies  have  not  been  filled  as  yet.   Overlaying  the  traditional 
hierarchy,  the  Branch  has  adopted  a  matrix  organizational  structure  wherein 
the  Branch  staff  is  assigned  tasks  depending  on  the  changing  needs  of  the 
Program  and  on  the  expertise  of  the  individual  staff. 
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I.   The  Drug  Synthesis  Section 

The  objectives  of  the  Drug  Synthesis  Section  include  the  acquisition 
of  novel  synthetic  compounds  for  antitumor  evaluation  and  other  activi- 
ties related  to  the  rapid  and  timely  progression  of  compounds  through 
the  Linear  Array.   Novel  compounds  are  acquired  through  Task-Order  syn- 
theses, contract  programs  and  acquisitions  from  the  scientific  commu- 
nity.  The  Section  works  in  close  cooperation  with  the  various  analog 
committees  to  design  and  develop  improved  analogs  of  existing  drugs 
and  to  explore  new  classes  of  chemicals  as  potential  preclinical  can- 
didates.  The  choice  of  compounds  for  synthesis  is  based  on  chemical, 
physical  and  biological  rationale  (including  biochemical,  toxicologi- 
cal,  pharmacological,  and  clinical  information),  screening  leads,  etc. 
The  Section  is  responsible  for  the  technical  and  administrative  manage- 
ment of  CREGS*   In  addition,  the  Section  makes  recommendations  on  the 
Program  relevance  of  grants. 

II.  Chemical  and  Drug  Information  Section 

The  objective  of  the  Section  is  to  develop  and  operate  a  data  process- 
ing system  and  to  devise  and  use  various  computerized  techniques  to 
meet  the  scientific,  operational  control  and  management  planning  needs 
of  the  Branch.   The  Section  is  concerned  with:   (1)  operating,  main- 
taining, and  improving  the  automated  CIS  which  supports  the  accession- 
ing, storage  and  distribution  of  chemicals  and  drugs  acquired  for  anti- 
tumor testing;  (2)  managing  the  storage  and  retrieval  of  chemical  in- 
formation in  both  automated  and  manual  DTP  files,  and  (3)  developing 
methods  to  interlink  the  chemistry  and  biology  files. 

III.  Acquisition  of  Chemicals 

The  objectives  of  this  effort  are  to  insure  the  continuous  flow  of 
approximately  13,500  selected  synthetic  compounds  annually  for  the 
primary  screen.   Extensive  contacts  are  maintained  with  industry, 
government  laboratories,  and  the  scientific  public  in  academic  and  re- 
search institutions.   Effort  is  directed  toward  (1)  developing  and 
maintaining   sources  for  acquiring  compounds  with  unique  structural 
features  and  biological  activity;  (2)  maintaining  an  effective  selec- 
tive ratio  of  inputs  of  compounds;  (3)  the  acquisition  of  compounds 
for  the  primary  screen  and  Tumor  Panel  evaluations;  (4)  developing  and 
implementing  selection  criteria;  (5)  developing  computer  models  to 
facilitate  selective  acquisition;  (6)  conducting  structure-activity 
correlation  studies,  and  (7)  monitoring  the  discreet  agreements  with 
industrial  suppliers. 

In  addition,  the  Branch  works  closely  with  DEB  for  the  selection  of 
compounds  for  the  Tumor  Panel  and  shares  with  the  Chemical  Resources 
Section  of  PRB  the  responsibility  to  acquire  approximately  300  Tumor 
Panel  compounds  annually. 

*See  Table  1 


212 


IV.   Chemical  Storage  and  Distribution 

DS&CB  has  the  responsibility  for  the  storage,  distribution,  and  inven- 
tory of  chemicals i  bulk  drugs,  and  crystalline  natural  products  - 
activities  that  are  basic  to  the  operations  of  every  segment  of  DTP. 
Operating  through  the  contractor,  the  DS&CB  packages  and  ships  approxi- 
mately 1300  compounds  a  month  to  research  laboratories  throughout  the 
world.   This  requires  the  contractor  to  establish  and  maintain  an 
effective  working  interface  with  other  contractors  and  branches  of  DTP, 
Currently  about  360,000  compounds  are  in  storage. 

V,   Worldwide  Surveillance 

The  Branch  continues  to  develop  and  maintain  extensive  contacts  with 
the  chemical  and  pharmaceutical  industries,  grantees,  academic  insti- 
tutions, research  organizations  and  other  government  laboratories  on 
a  worldwide  basis.   Every  member  of  the  staff  participates  in  this 
activity.   Since  this  activity  is  essential  for  the  achievement  of  the 
objectives  for  the  Branch,  we  have  initiated  additional  contract  sup- 
port in  this  area  which  should  become  operational  in  FY  81.   A  well 
coordinated  timely  intelligence  gathering  is  essential  for  ensuring 
the  flow  of  unique  compounds  vital  to  the  Program. 

Program  Operation 

I.  Selective  Acquisitions 

DS&CB  has  initiated  and  developed  two  independent,  but  complementary 
approaches  to  acquire  and  apply  knowledge  essential  to  the  intelligent 
implementation  of  preselection. 

A)  Criteria  Codes:   In  October,  1979,  the  first  Criteria  (CRIT)  Code 
Evaluation  Report  was  produced.   It  summarized  P-388  screening  results 
on  21,000  compounds  selected  and  coded  into  220  categories.   By  March, 
1980,  an  additional  5,000  compounds  and  60  categories  were  added.   The 
following  tables  illustrate  this  systems  approach. 
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Explanation  of  Criteria  Code  Used  in  Examples 

Heterocyclic  Rings: 

X15K:  Isoxazoles 

X15L:  Oxadiazoles 

X16M:  1,4-Oxathlin  and  related  heterocycles 

X16S:  Pyrimidines 

X16T:  Triazoles  (all  substitution  patterns) 

X16Z:  2,5-Dihalotriazoles  and  2-halotriazoles 

X18C:  2-Thio  substituted  triazoles 

X18F:  Benzimidazoles  (excluding  benzimidazole  carbamates) 

X19D:  Imidazoles 

Bioactivity : 

Total:   A  summary  of  current  results  on  all  specific  bioactlve  CRIT 
Codes  (excluding  the  X08E-Bioactive  Nonspecific) 

XOOR:   Anthelmintics 

XOIA:   Antibacterials 

XOID:   Compounds  reported  to  have  some  in  vivo  or  in  vitro  anticancer 
activity 

XOIW:  Antimicrobials 

X02W:  Antivirals 

X04L:  Enzyme  inhibitors 

X08J:  Insect  chemosterilants 

X18D:  Antitrypanosomals 

Structural  Fragments: 

Hydroxamic  acids 


Hydrazides 

N 


X09W: 

X09X: 

XllH:   -O-^-S-S-  and  related  compounds 

X14Q: 

X15G: 


X16H: 
X18A: 
X18M: 
X18V: 


-O-CH.-C  =  C-CH.-Cl 

Q   2  Q       2 
-C-CH„-S- 

?■ 
-S-(l  =  N-0- 

-S-C  =  N-N- 

-S-CH  CH  -CI 

Epoxides 
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General  Properties 

X08E:  Bioactive  nonspecific-compounds  active  in  various  unspecified 
biological  test  systems. 

X08G:  Antioxidants 

X09H:  Potential  cytotoxics 

X09L:  Potential  Michael  Acceptors 

X09M:  Potential  alkylating  agents  -  a  rather  good  variety  of  reactive 

molecules  including  activated  halogens,  sulfonic  esters,  epoxides, 
aziridines,  and  others.   However,  nitrogen  mustard  types  are 
excluded. 

X09N:  Cationic  molecules  including  quaternary  nitrogen,  oxonium,  sul- 
fonium,  phosphonium,  etc. 

X09V:  Metal  complexes 

X15B:  Molecules  containing  £  or  p^  hydroquinone  or  phenylenediamine 
moieties . 

X15D:  gem  -  Heteroatom  groups   including  gem-diamines ,  thioketals ,  etc. 

Interpretation  of  the  Criteria  Code  Report 

Example:  (see  Examples  of  CRIT  Codes  for  Heterocyclic  Rings) 

QD 
CRIT  1  -  9  ) 

CODE  200   ^  *^^') 


(A) >  X   15K  2.2  4— <C) 

(2+2)  4-<D) 
(122)  ^E) 

(A)  X15K  is  the  Criteria  Code  signifying  Isoxazoles,   The  results  of  P-388 
tests  on  this  group  of  isoxazoles  are  summarized  in  the  row  to  the  right. 

(B)  All  results  summarized  in  this  vertical  column  were  performed  in  the 
chronic  protocol,  QDl-9 ,  using  a  starting  dose  of  200  mg/kg. 

(C)  This  is  the  Projected  Percentage  of  Confirmed  Actives  for  all  compounds 
classified  as  X15K  which  have  been  tested  at  least  once  in  P-388  in  the 
QDl-9  schedule  starting  at  200  mg/kg. 

(D)  The  number  to  the  left  is  the  current  number  of  presumptive  actives 
classified  as  X15K  tested  QDl-9  starting  at  200  mg/kg.   The  number  to 
the  right  is  the  current  number  of  confirmed  actives. 

(E)  The  current  total  of  compounds  classified  as  X15K  has  had   at  least 
one  acceptable  test  in  P-388  in  this  schedule. 
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B)  Automated  Selection  Through  the  Statistical-Heuristic  Method 

The  development  of  this  computer-assisted  preselection  method  has 
reached  the  stage  of  test-implementation,  i.e.,  computer-generated 
scores  are  now  utilized  to  preselect  compounds  input  to  the  P-388 
prescreen.   The  independent  results  of  two  trials  guided  this  decision. 
In  addition,  the  integration  of  the  Criteria  Code  System  into  the  test- 
implementation  stage  evaluation  process  provided  the  close-monitoring 
capacity  needed  to  assure  timely  evaluation  of  the  test  results. 

The  choices  of  computer-generated  scores  now  implemented  reflect  the 
need  to  stress  both  structural  novelty  and  the  probability  of  activity 
against  P-388.   There  are  two  novelty-related  scores.   The  "common  score' 
indicates  that  a  compound  is  structurally  similar  to  many  compounds  pre- 
viously screened  by  the  NCI.   It  is  used  for  deselection.   The  "unique 
key"  indicates  that  a  compound  has  a  structural  fragment  unique  to  the 
NCI  file.   This  is  used  for  positive  selection. 

The  probability  that  a  compound  will  be  active  against  P-388  is  scored 
numerically.  Previous  trials  indicate  that  compounds  which  are  scored 
very  low  are  not  often  active  against  P-388.  On  this  basis,  compounds 
which  score  very  low  are  deselected. 

A  detailed  discussion  of  this  method,  the  previous  trials,  and  the 
implementation  stage  are  included  in  the  project  report. 

II. Synthesis  Activities  (Table  2  and  Chart  1) 

The  Drug  Synthesis  Section  continued  to  pursue  the  Division  of  Cancer 
Treatment's  policy  of  de-emphasizing  research  contracts.   Out  of  nine 
synthesis  contracts,  five  were  phased  out  during  this  period.   In 
addition,  the  two  radiosensitizer  contracts  will  be  consolidated  and 
competed  as  a  single  contract  at  a  reduced  budget  level  in  FY  81. 

Radiosensitizers 


Radiosensitizers  are  chemicals  that  will  selectively  radiosensitize  hy- 
poxic tumor  cells  in  combination  with  radiotherapy.   The  assumption  is 
that  radioresistant  hypoxic  cells  limit  the  tumoricidal  effectiveness 
of  ionizing  radiation  in  cancer  radiotherapy.   The  ideal  substance  would 
(a)  mimic  completely  at  nontoxic  levels  the  radiosensitizing  effect  of 
molecular  oxygen,  (b)  diffuse  rapidly  into  the  hypoxic  regions  of  tumors 
after  administration,  and  (c)  be  nontoxic  to  normal  tissues.   The  objec- 
tive of  the  contracts  is  to  design  and  develop  novel  radiosensitizers 
guided  by  the  continuous  feedback  of  radiobiological  test  results.   Since 
the  inception  of  the  SRI  International  contract,  66  target  compounds  have 
been  synthesized.   The  physical-chemical  parameters  such  as  solubility, 
partition  coefficients,  reduction  potential  and  electron  affinity  have 
been  determined.   In  vitro  and  in  vivo  biological  evaluations  have  been 
carried  out  on  20  of  the  compounds  selected  through  structure-activity 
optimization  studies.   Tx^70  compounds,  NSC-301467  and  NSC-314055  have 
been  identified  by  the  Radiosensitizer/Radioprotector  Working  Group . 
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They  were  recently  assigned  to  DN-2A,  and  are  now  scheduled  for  preclinical 
toxicology  studies.  ' 

The  Institute  of  Cancer  Research  contract  has  synthesized  eighty-eight 
1-and  5-substituted  2-nitroimidazoles  and  2-substituted  5-nitroimidazoles . 
All  were  tested  for  in  vitro  cytoxicity  and  radiosensitization  enhancement 
ratios  at  different  concentrations.   Lipophilicity  and  electron  affinity 
measurements  were  also  determined.   Selected  compounds  are  undergoing  in 
vivo  evaluations.   A  neurotoxicity  model  has  been  developed  utilizing   a 
quantitative  cytochemical  method  for  determining  lysosomal  enzyme  activity 
in  peripheral  nerves  of  mice.   The  hydroxylated  nitroimidazole,  NSC-328897, 
has  been  selected  for  further  studies  by  the  Radiosensitizer/Radioprotector 
Working  Group  since  it  did  not  exhibit  neurotoxicity  in  the  above  test 
system.   In  addition,  the  contractor  has  actively  supported  our  emerging 
program  by  measuring  the  electron  reduction  potential  of  50  additional 
compounds  identified  by  the  Program. 

Metal  Complexes 

The  major  emphasis  in  this  area  has  been  the  synthesis  and  development  of 
soluble  platinum  complexes  which  are  potential  clinical  candidates.   One 
of  these,  N-phosphonoacetyl-I^-aspartato  (1,2-diaminocyclohexane) -platinum, 
NSC-328005,  has  shown  unusual  antitumor  activity  and  is  being  studied  by 
the  Laboratory  of  Clinical  Pharmacology.   A  patent  application  has  been 
filed  for  the  compound.   This  contract  was  terminated  during  this  period 
consistent  with  the  policy  of  de-emphasizing  synthesis  contracts. 

Nucleosides 

The  objective  of  the  recently  awarded  contract  to  Michigan  Technological 
Institute  is  to  design  and  synthesize  purine  nucleosides  as  inhibitors 
of  key  enzymes  in  both  the  de^  novo  and  salvage  pathways  of  nucleoside 
metabolism.   Specifically,  these  are  HGPRTase,  PNPase,  and  Inosinic  dehy- 
drogenase.  It  is  expected  that  these  studies  will  result  in  less  toxic 
and  more  efficacious  anticancer  agents. 

Cyclophosphamide  Analogs 

The  primary  objectives  of  this  contract  have  been  the  clarification  of  the 
metabolic  basis  of  selectivity  and  therapeutic  effectiveness  of  Cyclophos- 
phamide and  the  development  of  new  and  more  effective  analogs  of  Cyclophos- 
phamide and  its  metabolites  based  on  an  understanding  of  the  contributions 
of  the  various  aspects  of  Cyclophosphamide  metabolism.   During  the  course 
of  this  contract,  the  contractor  has  synthesized  for  testing  58  new  com- 
pounds.  Although  several  of  them  have  shown  preliminary  activity,  none 
has  been  more  active  than  the  parent.   Consistent  with  the  policy  of  de- 
emphasizing  synthesis  contracts,  this  contract  also  was  terminated  during 
this  period. 

*See  Table  3  and  Charts  2  and  3 
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Alkaloids 

The  contract  with  the  University  of  British  Columbia  was  designed  for  the 
synthesis  of  chemotherapeutically  active  analogs  of  vincristine  and  vin- 
blastine.  The  contractor  has  successfully  synthesized  several  dimeric  al- 
kaloids and  has  developed  synthetic  methodologies  to  selectively  function- 
alize  others.   One  of  these  active  antitumor  alkaloids,  NSC-250833,  is 
currently  in  clinical  trials  in  Canada.   Our  Analog  Development  Committee 
is  also  evaluating  this  compound  for  further  development.   The  contract 
was  terminated  during  this  period  consistent  with  the  policy  of  de-emphas- 
ing  synthesis  contracts. 

Natural  Product  Analogs 

The  major  emphasis  of  this  contract  is  the  synthetic  modification  of  pro- 
ducts of  natural  origin  to  develop  compounds  with  improved  antitumor  acti- 
vity and  decreased  toxicity.   The  improved  activity  of  anguidine  acetate 
led  to  the  development  of  a  structure-activity  relationship  study  of  a 
series  of  anguidines.   The  principal  synthetic  modifications  of  anguidine 
have  been  esters,  ketones,  and  diketones .   The  results  of  the  study  indi- 
cated that  esterif ication  at  positions  4  and  15  with  methacroyol,  chloro- 
acetyl  and  crotonoyl  results  in  higher  P-388  activity.  Oxidation  of  the 
molecule  to  the  diketone  at  positions  3  and  8  resulted  in  greatly  improved 
P-388  activity.   One  of  these  modified  anguidines,  NSC-320014,  is  being 
tested  in  the  Tumor  Panel. 

The  contractor  is  exploring  the  synthesis  of  cyclic  isosteres  or  activated 
carboxyl  analogs  of  a-amino-3-chloro-4,5-dihydroisoxazole-5-acetic  acid. 
A  modification  of  a  published  method  involving  the  cycloaddition  of  alkene 
amino  acids  to  a  nitrile  oxide  is  being  explored  for  the  synthesis  of  these 
amino  acid  antibiotics.   The  starting  materials,  unsaturated  amino  acids, 
will  be  evaluated  as  suicide  substrates.   The  contractor  has  approached 
synthetic  optimization  of  nogalamycin  and  sterigiTiatocystin._ using  a  common 
structural  moiety,  anthraquinone.   A  few  compounds  with  bis  and  tetra 
functionalities  have  been  identified  for  synthesis. 

K-Cat  Inhibitor  of  Dihydroorotate  Dehydrogenase 

The  synthesis  of  the  suicide  inhibitor  5-ethynyl-5 ,6-dlhydroorotic  acid, 
a  key  objective  of  this  contract,  has  been  achieved.   The  compound  irre- 
versibly inhibits   the  target  enzyme  dihydroorotate  dehydrogenase,  a  result 
which  supports  the  original  molecular  design.   The  contract  was  terminated 
this  year  consistent  with  the  policy  of  de-emphasizing  research  contracts. 

Task  Order  Contract  -  A  New  Initiative  (Table  4) 

The  Quick  Reaction  Work  Order  Contract  mechanism  represents  an  innovation 
in  synthesis  contracts.   As  such,  a  major  effort  was  required  this  year  to 
translate  the  basic  concept  into  actual  operating  procedures  including  com- 
plex logistics,  production,  and  administrative  details.   The  Project  Team 
approach  was  adapted  to  effectively  manage  this  activity.   This  mechanism 
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provides  for  the  synthesis  of  a  variety  of  organic  and  inorganic  compounds 
which  have  been  identified  by  Program  as  meriting  development.  Compounds 
selected  for  synthesis  include  panel  compounds,  presumptive  actives,  novel 
structures  from  literature  sources,  and  compounds  recommended  by  intra- 
mural scientists  and  approved  by  the  Analog  Development  Committee. 

The  Task  Order  contract  makes  available  10  master  contractors  who  have 
the  expertise  to  synthesize  a  wide  variety  of  selected  compounds.   Each 
synthesis  packet  is  sent  to  3  master  contractors  and  one  contractor  is 
selected  for  each  task.   The  key  element  of  technical  excellence  is  opti- 
mized since  three  competing  technical  approaches  can  be  evaluated  for  each 
packet.   The  incentive  to  continuously  compete  for  each  synthesis  packet 
assures  both  technical  excellence  and  cost-effectiveness  of  the  Task  Order 
mechanism.   To  date,  awards  have  been  made  for  the  synthesis  of  more  than 
200  compounds . 

Chemical  Searches 

The  search  component  of  the  Chemical  Information  System  of  the  Drug  Syn- 
thesis and  Chemistry  Branch  plays  an  integral  part  in  supporting  the 
search  needs  of  the  various  program  elements  of  the  Branch,  namely,  the 
acquisition  of  new  and  novel  synthetics,  contract  synthesis,  Cancer  Re- 
search Emphasis  Grants  (CREGs)  and  other  grants.   In  addition,  the  unit 
provides  the  chemical  management  data  for  other  branches  of  DTP,  the  Data 
Review  Subcommittee,  the  Drug  Evaluation  Committee,  and  the  various  analog 
committees.   It  also  provides  the  scientific  community  with  chemical  in- 
formation about  the  chemotherapeutic  agents  in  the  Program. 

The  substructure  search  feature  of  the  CIS  provides  data  necessary  to  de- 
termine Program  relevance,  the  exploration  of  new  areas  for  development, 
and  the  identification  of  areas  for  de-emphasis.   The  data  is  also  useful 
in  the  development  of  new  research  projects  and  structure  activity  studies. 
During  this  reporting  period,  over  300  substructure  searches  were  perform- 
ed to  identify  analogs  of  specific  chemical  structural  classes. 

The  full  structure  search  capability  of  the  CIS  determines  the  uniqueness 
of  specific  compounds,  and  the  detection  of  duplicates  in  support  of  the 
Branch's  selective  acquisition  program,  other  branches  of  DTP,  and  extra- 
mural and  intramural  researchers.   For  the  reporting  period,  more  than 
2,500  full  structure  searches  were  performed. 

III.  Storage  and  Distribution 

The  objective  of  this  project  is  the  storage,  distribution,  inventory  and 
documentation  of  synthetic  materials,  natural  products  and  bulk  clinical 
drugs.   Flow  Laboratories,  Inc.  was  awarded  this  contract  which  was  pre- 
viously held  for  several  years  by  Microbiological  Associates,  Inc.   A  de- 
tailed plan  was  developed  and  executed  for  the  physical  relocation  of  the 
entire  inventory  of  more  than  3  60,000  compounds.   This  relocation  had  to 
take  place  while  continuing  the  essential  shipping  and  distribution  of 
needed  materials.   The  contractor  is  now  packaging  and  shipping  more  than 
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1300  compounds  a  month  to  research  laboratories  throughout  the  world. 
Generally,  shipping  requests  are  processed  within  48  hours;  this  entails 
establishing  and  maintaining  effective  work  relationships  with  the  acqui- 
sitions contractor  and  chemical  information  contractor  of  DS&CB  and  the 
Drug  Evaluation  Branch,  the  Natural  Products  Branch  and  the  Pharmaceutical 
Resources  Branch.   The  contractor  maintains  and  operates  an  on-line  com- 
puterized inventory  system  which  supports  the  programs  of  DTP.   The  storage 
facility  houses  more  than  360,000  compounds. 

IV. Worldwide  Surveillance 

For  years  the  NCI  has  acquired  the  majority  of  its  compounds  through  the 
contributions  of  chemical  and  pharmaceutical  industries,  research  organi- 
zations, and  government  laboratories.   Both  domestic  and  foreign  sources 
have  contributed  generously  in  the  past.  Now,  these  contributions  continue 
as  a  result  of  BS&CB's  aggressive  acquisition  and  worldwide  surveillance 
programs,  sustained  good  public  relations  and  service. 

The  development  of  new  sources  is  a  continuing  process  necessitated  by 
the  dynamic  nature  of  the  chemical  community.   The  diversity  and  availa- 
bility of  compounds  for  testing  is  heavily  dependent  upon  existing  research 
priorities  in  this  community.   The  DS&CB  must  be  able  to  anticipate  and 
respond  to  such  potential  changes  to  ensure  a  continuous  supply  of  unique 
compounds  to  the  program. 

During  the  past  year,  400  new  suppliers  have  been  added  to  our  program. 
The  compound  source  analysis  is  depicted  in  charts  4  and  5  , 

We  are  developing  a  literature  surveillance  program, under  contract,  to 
expand  and  ensure  the  complete  coverage  of  the  chemical  and  biological 
literature  to  support  our  acquisition  effort. 

Dissemination  of  Information 

The  booklet  entitled  "Chemical  Structures  of  Interest  to  the  Division  of 
Cancer  Treatment",  published  last  year  was  mass  mailed  to  investigators 
throughout  the  world.   In  addition,  the  following  Seminars  were  sponsored 
by  DS&CB: 

"Development  of  Protease  Activated  Pro  Drugs  for  Cancer  Therapy" 
Dr.  Philip  L.  Carl  of  the  University  of  Illinois 

"Predicting  Anticancer  Activity  of  New  Chemical  Structures" 
Dr.  Louis  Hodes,  DTP,  DCT,  NCI 

"Analogs  of  Cyclic  AMP  as  Specific  Mediators  of  the  Action  of  Interferon" 
Dr.  Roland  K.  Robins  of  Brigham  Young  University 

'Effect  of  Metal  Ion  (Rhodium,  Palladium)  Interactions  on  Nucleic  Acids 
and  Anticancer  Activity" 

Dr.  Uma  S.  Nandi  of  the  University  of  Pennsylvania 
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"Interaction  of  Radiosensitizers  and  Chemotherapeutic  Agents" 
Dr.  Gerald  E.  Adams  of  the  Institute  of  Cancer  Research 

"Studies  on  the  Synthesis  of  Clinically  Important  Agents  in  the  Vincris- 
tine-Vinblastine Area" 

Dr.  James  P.  Kutney  of  the  University  of  British  Columbia 
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TABLE  1 
CANCER  RESEARCH  EMPHASIS  GRANTS  * 


Institution 

Brandeis  University 

Illinois,  University  of 

Louisville,  University  of 

Michigan  Cancer  Foundation 

Sidney  Farber  Cancer 
Institute 

Southern  California, 
University  of 

Southern  Research 
Institute 

Southern  Research 
Institute 

Southern  Research 
Institute 

SRI  International 

Yale  University 


Investigator 

Abeles 

Weber 

Huang 

Horwitz 

Rosowsky 
Heidelberger 
Montgomery 
Shealy 

Temple 

Acton 
Canellakis 


Grant  Number 
ROl-CA  23496-03 
ROl-CA  23498-02 
ROl-CA  25252-02 
ROl-CA  23079-03 

ROl-CA  23151-03 
ROl-CA  25715-02 
ROl-CA  2  3173-03 
ROl-CA  23127-03 

ROl-CA  23141-03 

ROl-CA  25711-02 
ROl-CA  23153-03 


*A  workshop  of  all  CREG  grantees  has  been  budgeted  for  FY  81, 
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TABLE  2 
DRUG  SYNTHESIS  &  CHEMISTRY  BRANCH  CONTRACTS 


Contractor  Investigator 

Bristol  Laboratories  Doyle 

British  Columbia,  Univ.  of  Kutney 

Central  Drug  Research  Institute  Anand 

Chemical  Abstracts  Service  Myers 

Collaborative  Research,  Inc.  Friedman 

Flow  Laboratories,  Inc.  Dorian 

Institute  of  Cancer  Research  Adams 

Michigan  Technological  University  El  Khadem 

Southern  California,  Univ.  of  Heidelberger 

SRI  International  Lee 

Starks  C.P.,  Inc.     ■  Schultz 

Veterans  Administration  Hospital  Gale 


Contract  No. 

NOl-CM-87180 

NOl-CM-23223* 

PL-480-01-004-1 

NOl-CM-43722 

NOl-CM-77071* 

NOl-CM-97254 

NOl-CM-77139 

NOl-CM-07293 

NOl-CM-67084* 

NOl-CM-87207 

NOl-CM-87206 

YOl-CM-60102* 


*These  contracts  have  been  terminated  during  this  reporting  period. 
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TABLE  3 


NSC  Number 
3051 
25855 
156315 

D262216 
262666 

278214 

280594 

296934 
301467 

303565 

312887 
314055 


SYNTHETIC  COMPOUNDS  ASSIGNED  TO  DN-2  * 

Compound  Name 
Formamide,  N-methyl- 
Norgamen 


Ammonium,  tetraethyl-,  dodeca-N- 
chlorohexathlorohexatantalate(2-)- 
(2:1),  octahedro- 

Discreet 

l,4-Diazoniabicyclo[2 . 2 . 1] heptane, 
l,4-(2-chloroethyl)-,  (Z^)-2-butene- 
dioate  (1:2) 

Carbamic  acid,  (1-methyletho)- , [5- 
(3,4-dihydro-lH-pyrrolizine-6 ,7-diyl]- 
bis (methylene)  ester 

1,4,5,6, 8-Pentaazaacenaphthylen-3- 
amine,  l,5-dihydro-5-methyl-l-(5-0^- 
phosphono-g-D^ribofuranosyl)- 

1,3, 5-Triazine-2 , 4 , 6 (IH , 3H , 5H) -trione- 
1, 3,5-tris(oxiranylmethyl)- ,  (a)- 

lH-Imidazole-1-acetamide,  N-(2-hydroxy- 
ethyl)-2-nitro- 

1 , 3-Propanediamine ,  N  ,N^-diethyl-N '  - 
(6-methyl-5H-pyrido [ 3 ' , 4 ' : 4 , 5 ] pyrrolo- 
[2 , 3-^^isoquinolin-lO-yl)- 

9H-Purine-6-amine ,  2-f luoro-9-  (5-0^- 
phosphono-g-D^-arabinofuranosyl)- 

lH-Imidazole-1-acetamide,  N,N-bis(2- 
hydroxyethyl)-2-nitro- 


NSC  Number 

261037 

301739 

*See  Charts  3  and  4 


IND'S  FILED* 
Compound  Name 

I.V.Misonidazole 
Anthracenedione 


IND  No. 

16288 
16802 
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TABLE  4 


QUICK  REACTION  WORK  ORDER  CONTRACTS 


Contractor 

Alabama,  University  of 

Collaborative  Research,  Inc. 

IIT  Research  Institute 

Mid-America  Cancer  Center 

Research  Triangle  Institute 

SISA,  Inc. 

Southern  Research  Institute 

Southwest  Foundation  for 
Research  and  Education 

SRI  International 

Starks  Associates,  Inc. 


Investigator 

Baker 

Friedman 

Ucich 

Cheng 

Seltzman 

Razdan 

Montgomery 

Rao 

Acton 
Starks 


Contract  No. 
NOl-CM-07355 
NOl-CM-07358 
NOl-CM-07359 
NOl-CM-07353 
NOl-CM-07352 
NOl-CM-07354 
NOl-CM-07260 

NOl-CM-07356 

NOl-CM-07351 
NOl-CM-07357 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

The  computer  aids  in  selecting  compounds  for  antitumor  screening.   An  estimate 
of  the  probability  of  activity  of  a  new  compound  is  derived  from  its 
structural  features  based  on  chemical  and  biological  data  from  testing  about 
50,000  compounds  in  the  mouse  lymphocytic  leukemia  (P388)  screen.   Also,  the 
incidence  of  its  least  occurring  structural  feature  in  P388  testing  is  con- 
sidered a  measure  of  novelty  of  the  new  compound.   These  measures,  as  well  as 
comparison  with  a  series  of  about  100  desired  profiles,  are  used  in  two  modes 
One,  all  potential  acquisitions  are  rated  and  this  information  is  used  along 
with  the  structures  in  deciding  which  compounds  to  acquire  or  which  to 
exclude.   Two,  as  an  experiment  in  literature  surveillance,  CAS  registrations 
are  being  run  through  a  specially  designed  version,  capable  of  handling  all 
reported  chemical  structures  at  low  cost. 

As  this  work  moves  into  production,  research  is  pointed  toward  evaluation, 
improvement  and  further  scope  of  application. 
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Project  Description  ZOl  CM-07101-05  DSCB 

Objectives : 

1.  Evaluate  the  potential  of  structure-activity  determination  over  broad 
ranges  of  compounds  for  specific  biological  test  systems. 

2.  Demonstrate  feasibility  of  such  methods  to  preselect  compounds  for  anti- 
tumor screening,  e.g.,  in  setting  priorities  or  in  selecting  appropriate 
test  systems  for  screening. 

3.  Within  the  screening  capacity,  maximize  the  acquisition  of  additional 
promising  compounds  as  well  as  compounds  inadequately  represented  in 
the  file. 

4.  Install  these  methods  into  the  Chemical  Information  System  (CIS) 
operating  environment. 

5.  Adapt  these  methods  for  literature  surveillance  by  processing  all  CAS 
registrations . 

Methods  Employed 

1.  The  method  for  predicting  the  probability  of  activity  uses  known 
biologically  active  and  inactive  compounds  as  training  sets  in  such  a 
manner  that  the  incidence  of  molecular  fragment  keys  in  these  sets 
allows  for  estimating  a  measure  of  probability  of  activity  of  new  com- 
pounds containing  some  of  these  fragments.   See  reference  (1)  for  basic 
method,  and  reference  (2)  for  some  changes. 

2.  Molecular  structure  fragments,  known  as  "ganglia  augmented  atoms"  which 
had  been  previously  developed  as  auxiliary  keys  for  querying  the  file  of 
the  automated  DTP  Chemical  Information  System,  are  being  employed  as 
predictor  variables.   Also  the  Basel  Information  Center  for  Chemistry 
(BASIC)  keys  were  tried  in  preparation  for  a  literature  surveillance 
effort.   Structure  features  based  on  functional  groups  were  developed 
for  this  purpose. 

3.  Biological  data,  now  limited  to  the  P388  screen,  is  obtained  from  a 
query  of  the  DTP  Biology  File.   The  criterion  for  activity  is  a  con- 
firmed increase  in  life-span  (ILS)  of  20%.   Active  compounds  with  a 
confirmed  increase  in  life-span  of  75%  or  more  are  kept  separately. 
Also  obtained  was  a  set  of  negative  compounds  i.e.,  those  which  were 
tested  adequately  and  failed  to  increase  the  life-span  by  20%  or  more. 

4.  The  three  sets  of  compounds  collected  as  just  described  may  be  called 
highly  active  (A) ,  moderately  active  (C)  and  negative  (N) .   They  were 
each  subjected  to  machine  searches  to  remove  roughly  50  well-known 
classes  of  analogs.   The  remaining  compounds,  155  A's,  2508  C's  and 
43,315  N's  were  used  as  the  basis  of  the  current  model  for  P388  activity. 

5.  As  a  test  of  the  model,  an  assortment  of  1,000  potential  acquisitions 
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was  provided  by  Starks,  C.  P.,  Inc.,  the  acquisitions  contractor.   These 
compounds  were  first  reviewed  by  Starks  and  were  assigned,  on  the  basis 
of  only  their  chemical  structure,  to  one  of  the  following  three  categor- 
ies:  active,  novel  or  inactive.   Then  they  were  run  through  the  model 
at  CAS.   In  addition,  the  entire  1,000  have  been  put  into  P388  testing. 

This  experiment  served  several  purposes.   It  was  undertaken  mainly  to 
familiarize  Starks  with  the  model.   Another  purpose  was  to  compare  the 
relative  performance  of  an  experienced  chemist  with  the  performance  of 
the  model,  not  to  see  which  is  better  (undoubtedly  the  chemist)  but  to 
see  if  there  are  some  things  the  model  will  catch  which  are  not  obvious 
to  the  chemist.   This  experiment  indicates  further  the  enrichment  in  the 
yield  of  actives  one  can  expect. 

6.  To  check  the  effectiveness  of  the  activity  model  the  A,  C,  and  N  sets 
consisting  of  35,000  compounds  (as  described  last  year),  were  divided 
separately  into  cuts  of  80%  and  20%.   The  80%  was  used  as  a  training 
set  and  the  20%  as  a  test  set.   Five  disjoint  80/20  cuts  were  generated 
from  each  set,  and  run. 

7.  To  get  a  measure  of  the  rarity  of  uniqueness  of  new  compounds,  a  list 
was  compiled  of  all  the  keys  appearing  in  P388  tested  compounds,  to- 
gether with  their  incidence.   When  a  potential  acquisition  is  being 
examined  by  the  model,  its  least  frequent  key  is  printed  together  with 
its  incidence.   If  the  compound  has  a  key  which  did  not  occur  on  the 
list,  this  unique  key  is  reported. 

8.  To  complement  the  preselection  processor,  a  set  of  100  profiles  of 
chemical  classes,  defined  by  special  structural  features  (SSF) ,  are 
employed.   This  set  was  not  developed  under  this  intramural  research 
project,  but  originated  from  the  preselection  work,  where  potential 
acquisitions  are  searched  for  duplicates,  activity  score  and  novelty. 
Most  of  the  profiles  were  obtained  by  restricting  the  200  or  so  recog- 
nized SAC  classes  to  those  of  current  interest.   About  one-fourth  of  the 
profiles  were  derived  from  classes  NCI  is  following  as  CRIT  CODES.   By 
placing  the  SSF  search  under  key  logic  before  the  time  consuming  atom- 
by-atom  search,  the  cost  of  the  profile  search  is  greatly  reduced. 

9.  An  experiment  in  literature  surveillance  is  going  on  in  which  one  month's 
CAS  registrations,  about  30,000  compounds,  are  being  run  to  determine: 

a)  Estimate  of  activity  —  this  is  based  on  the  development  of  rapidly 
generated  functional  group  features  which  approximates  the  perform- 
ance of  the  gAA  keys  at  less  than  one-tenth  the  cost. 

b)  Estimate  of  novelty  —  only  those  structures  with  functional  group 
features  unique  to  P388  will  be  chosen.  This  is  expected  to  yield 
at  least  5%  of  the  new  registrations. 

c)  Special  structural  features  as  in  "8"  above  —  these  searches  are 
based  on  the  BASIC  keys  since  the  functional  group  features  are  not 
suitable  for  key  logic. 
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d)   The  compounds  which  satisfy  the  criteria  of  a,  b,  c,  estimated  at 
about  5,000  in  this  initial  trial,  will  be  searched  for  duplicates 
in  our  file.   Structures  will  be  generated,  and  they  will  be 
examined  for  acquisition. 

Major  Findings 

1.  In  April,  1979  an  experimental  preselection  module  was  installed  at  CAS 
as  part  of  the  CIS.   The  acquisitions  contractor,  Starks,  C.  P.,  Inc , 
now  gets  reports  on  all  potential  acquisition  listing  all  unique  keys, 
the  rarest  key  for  each  structure,  the  activity  score,  and  an  indication 
of  SSF. 

Until  March  5,  1980,  when  the  model  was  updated,  the  results  were  used 
as  default  CRIT  CODES  in  about  70%  of  potential  acquisitions  when  other 
CRIT  CODES  did  not  apply.   The  ratings  were  not  used  for  selection 
during  the  initial  period,  so  now  the  biological  results  can  give  a 
crude  indication  of  the  enrichment  were  the  model  to  be  used.   This  is 
complicated  by  the  fact  that  analogs  of  known  active  classes,  do  not 
generally  score  well  having  been  removed  from  the  training  sets.   Al- 
though they  represent  but  a  small  percentage  of  acquisitions,  these 
analogs  are  still  a  substantial  portion  of  the  actives.   Biological 
results  are  as  yet  insufficient  to  estimate  the  degree  of  enrichment. 

Based  on  new  experience  as  well  as  on  early  biological  results,  the 
computer  methods  are  being  used  for  selection, as  of  April  1980,  in  the 
following  way: 

a)  All  compounds  flagged  as  having  a  unique  key  are  almost  automatically 
selected.   This  flag  often  catches  incorrectly  drawn  structures. 

b)  All  compounds  whose  least  occurring  key  appears  more  than  50  times 
in  the  training  set  are  considered  as  being  adequately  represented, 
and  thus  are  candidates  for  elimination.   This  is  expected  to  yield 
at  least  25%  of  potential  acquisitions. 

c)  All  compounds  whose  activity  rating  falls  in  the  lowest  decile  of 
the  training  set  are  considered  as  probably  inactive,  and  thus  are 
candidates  for  elimination.   This  is  expected  to  yield  at  least  one- 
third  of  potential  acquisitions. 

During  the  first  two  months  about  half  of  potential  acquisitions  were 
eliminated  by  these  methods.   Other  compounds,  which  might  have  been 
overlooked,  were  selected  as  being  unique  or  showing  probable  activity. 
These  methods  are  expected  to  allow  a  substantial  increase  in  potential 
acqusitions,  since  they  provide  a  means  for  being  more  selective.   They 
facilitate  the  chemist  review  by  presenting  useful  summary  indicators. 

2.  The  new  set  of  features  derived  from  functional  groups  were  found  to 
excel  in  cost-performance.   These  features  were  compared  with  the  other 
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sets  of  features  by  running  the  training  set  and  test  set  described  in 
reference  (2).   Table  1  presents  the  completed  results.   Attempts  to 
improve  the  performance  of  the  BASIC  keys  by  taking  co-occurrence  have 
not  proven  successful.   Therefore  the  new  features  remain  the  best 
choice  for  the  surveillance  model. 

3.  Results  from  the  five  80/20  cuts  are  presented  in  Table   2  ,   These 
results  are  somewhat  worse  than  those  achieved  by  running  the  entire 
training  set  through  the  model.   The  results  are  still  quite  good  since 
one-third  of  the  actives  are  in  the  top  decile  and  almost  half  in  the 
top  20%. 

4.  Surprisingly,  results  on  the  1,000  compounds  indicate  that  the  computer 
is  comparable  to  the  chemist  in  selecting  compounds.   As  of  May  1980 
much  of  the  biological  testing  remains  to  be  completed  but  the  results 
can  be  estimated  as  shown  in  Table  3 

From  biological  testing,  there  are  so  far  12  confirmed  active  compounds, 
60  presumptives ,  11  presumptives  which  failed  the  next  test  (pass/fail) 
and  35  toxic  compounds.   We  can  estimate  the  number  of  ultimately  con- 
firmed actives  by  multiplying  the  presumptives  by  .4,  pass/fails  by  .2 
and  toxic  compounds  by  .1  according  to  current  best  estimates  of  con- 
firmed actives  from  these  categories  of  compounds.   Then  we  would  get 
41.5  expected  confirmed  actives  from  the  1,000  compounds. 

The  chemist  selected  298  compounds  as  possibly  active  and  an  additional 
14  as  movel .   Of  these  312  compounds  there  were  6  confirmed  actives, 
16  presumptives,  7  pass/fails  and  21  toxic  for  an  estimated  15.9 
confirmed  actives. 

The  312  compounds  ranked  highest  by  the  computer  contain  also  6  confirmed 
actives,  20  presumptives,  4  pass/fails  and  15  toxic  for  an  estimated 
16.3  confirmed  actives.   This  compares  favorably  with  the  15.9  of  the 
chemist.   Simply  picking  312  compounds  at  random  would  yield  12.5  of 
the  41.5  actives. 

The  greater  versatility  of  the  computer  can  be  demonstrated  by  moving  the 
selection  ratio  to,  say,  50%  of  the  compounds.   The  top  50%  then  contain 
8  confirmed  actives.  36  presumptives,  7  pass/fails  and  20  toxic  for  an 
estimated  25.8  confirmed  actives.   This  would  increase  the  yield  20% 
from  about  4.2%  to  over  5%. 

One  can  also  experiment  with  selection  by  eliminating  compounds  whose 
least  frequent  key  occurs  more  than  30  to  50  times.   The  proportion  of 
actives  in  these  categories  was  even  lower  in  these  data  than  an  equiv- 
alent number  of  compounds  chosen  for  low  activity  score. 

Another  consideration  is  the  concurrence  or  agreement  between  the  chemist 
and  the  computer  regarding  the  actives  selected.   While  each  picked  6  con- 
firmed actives,  they  agreed  on  4.   Of  the  roughly  16  confirmed  actives 
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ultimately  expected  for  each,  there  was  agreement  on  9.5.   Although  this 
magnitude  of  agreement  is  significantly  better  than  chance,  it  shows 
room  for  both  approaches. 

Proposed  Course 

1.  The  utility  of  these  methods  as  an  aid  in  selection  will  continue  to  be 
monitored. 

2.  If  the  experiments  on  literature  surveillance  have  a  favorable  outcome, 
all  CAS  registrations,  roughly  400,000  compounds  a  year,  can  be  processed, 

3.  The  feasibility  is  being  checked  of  some  other  types  of  features  based  on 
physical  constants  such  as  partition  coefficients.   If  such  constants  can 
be  computed  on  the  required  large  scale,  they  can  be  useful  in  conjunction 
with  other,  structural,  features, 

4.  When  a  sufficient  number  of  structurally  varied  compounds,  active  in  the 
P388  prescreen,  have  been  tested  in  the  Division  of  Cancer  Treatment 
(DCT)  panel  of  screens,  models  will  be  developed  and  tested  to  optimize 
the  testing  of  such  compounds,  e.g.,  when  the  supply  of  materials  or  the 
screening  capacity  is  limited. 

Significance  for  Biomedical  Research  and  the  Program  of  the  Institute 

1.  The  enrichment  effect  produced  by  preselecting  compounds  should  increase 
the  number  of  actives  within  the  current  screening  level  and  maximize  the 
potential  of  screening  compounds  with  unique  structural  characteristics 
not  adequately  represented  in  the  National  Cancer  Institute  (NCI) 
collection. 

2,  The  method  developed  for  the  prediction  of  probability  of  activity  is 
now  recognized  as  a  contribution  to  the  state-of-the-art  of  broad  range 
structure-activity.   It  can  be  applied  to  many  areas,  e.g.,  using 
carcinogenicity  of  toxicity  as  the  biological  activity.   Copies  of  the 
program  and  documentation  have  been  requested  by  outside  investigators, 
at  least  2  of  whom  have  been  using  the  method.   CAS  is  planning  to  in- 
corporate these  methods  as  a  service  to  customers. 
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TABLE  1 
FEATURES  FOR  SURVEILLANCE 
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SET  OF 

FEATURES 

decil: 

NCI  -  AA 

34 

NCI  -  GAA 

44 

BASIC 

31 

F  GROUP 

38 

TOTAL  CUM.  %  ACTIVE 


COST  PER 

:tle  9 

1000  COMPOUNDS 

46 

$100.00 

59 

$150.00 

40 

NA 

59 

$   5.00 
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REPORT  OF  THE  CHEMICAL  &  DRUG  INFORMATION  SECTION 

DRUG  SYNTHESIS  &  CHEMISTRY  BRANCH  (DS&CB) 

DEVELOPMENTAL  THERAPEUTICS  PROGRAM  (DTP) 

DIVISION  OF  CANCER  TREATMENT  (DCT) 


I.  SCOPE: 


The  Chemical  &  Drug  Information  Section  (C&DIS)  of  DS&CB  has  the 
responsibility  of  providing  DTP  with  the  capability  to  manage  its 
chemical  information. 

For  this  purpose,  C&DIS  maintains  a  computerized  chemical  information 
system.   The  system  monitors  accession,  storage  and  distribution  of 
chemicals  acquired  under  the  program.   It  maintains  inventory  control, 
and  tracks  acquisitions  from  receipt  through  shipment  to  the  screening 
laboratories. 

It  identifies  duplicates,  detects  various  errors,  and  selects,  from  its 
input  analogs  of  Program  interest.   It  communicates  this  information  to 
DTP  personnel,  to  contractors  and  to  other  systems,  in  particular,  to 
the  Biology  data  processing  system. 

The  system  offers  on  line  access,  and  allows  query  definition  on  the 
basis  of  full  structure,  substructure,  and  other  data  elements. 

A  nomenclature  index  is  periodically  generated,  referencing  compounds  in 
the  system.   It  includes  comprehensive  listings  of  synonyms. 

Finally,  the  systems  lends  itself  to  data  analysis  and  modelling.   This 
capability,  still  in  an  .experimental  stage,  is  being  tested  for 
prediction  of  antitumor  capability. 

The  system  is  operated  under  contract  N01  CM  43722  by  the  Chemical 
Abstracts  Service  (CAS)  in  Columbus,  Ohio.   To  date,  it  has  accumulated 
data  on  360,000  chemical  compounds,  and  recognizes,  independently  of 
chemical  structural  characteristics,  more  than  one  hundred  different 
data  elements. 


II.  HIGHLIGHTS  OF  FY  1980: 

In  the  past  year,  an  effort  has  been  made  to  consolidate  the  system  by 
eliminating  the  last  remaining  backlogs  and  by  cleaning  up  the  files. 
This  has  added  considerably  to  the  reliability  of  the  system. 
Additionally,  system  capabilities  have  been  expanded  by  incorporating 
several  new,  non-structural  keys.   Last  but  not  least,  exciting  progress 
was  made  in  the  experimental  utilization  of  the  system  for  data  analysis 
and  for  modelling  of  antitumor  activity. 
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a)  System  Development. 

Installation  of  the  current  system  was  begun  in  1974.   To  minimize  the 
adjustments  that  are  unavoidable  with  systems  of  this  size  and 
complexity,  implementation  of  this  system  was  carried  out  in  stages. 
The  inventory  capability  became  operational  in  1976.   This  was  followed 

by  the  introduction  of  graphic  representations  for  chemical  structures, 
by  a  method  allowing  for  search  qualification,  and  by  many  other 
enhancements. 

In  the  current  year  an  effort  was  made  to  complete  the  installation  of 
the  system. 

Major  remaining  backlogs  were  eliminated.   An  inventory  backlog, 
containing  amounts-on-hand  for  160,000  compounds,  was  eliminated. 
Special  structural  features  (SSF's)  were  determined  for  a  backlog  of 
8000  SAC  compounds.   Another  28,000  compounds,  because  of 
stereospecificity,  lacked  graphical  depiction  of  their  structures.   A 
consensus  was  reached  that  ASD-generated  pictures,  which  are 
non-stereospecific,  would  be  acceptable,  provided  that  text  descriptors 
(cis-,  trans-,  etc.)  would  complement  them.   Consequently,  this  backlog 
will  be  eliminated  as  well. 

Housekeeping  was  tightened.   Cleanup  of  several  files  was  initiated. 
All  "holds"  and  "special  handling"  provisions,  which  had  accumulated  on 
the  computer  file,  were  reviewed,  the  former  for  validity,  the  latter 
for  consistency  and  pertinency.  The  storage  contractor  was  prevailed 
upon  to  begin  an  annual  inventory  of  the  chemicals  stored.   Review  was 
initiated  of  a  file  used  to  monitor  the  receipt  of  compounds  ordered,  on 
which  over  4000  entries  had  accumulated,  mainly  because  the  amounts 
received  had  been  less  than  the  amounts  ordered.   No  mechanism  existed 
for  removing  entries  received  in  adequate  amounts.   File  access  was 
simplified.  Two  of  the  most  frequently  used  query  commands  were  given 
simple  alternates,  in  which  defaults  specify  a  number  of  options.   One 
of  these  is  the  QGET  command,  which  provides  data  for  a  compound 
identified  by  its  NSC  number;  the  other,  the  QFS  command,  retrieves  all 
NSC  numbers  corresponding  to  a  given  extended  molecular  formula. 
Finally,  access  to  the  computer  was  improved.   A  second  graphics 
terminal,  and  a  second  FX  telephone  line,  were  added,  and  the  open  end 
of  these  lines  was  reversed  (from  Columbus  to  the  Washington  area). 
This  relieved  waiting  for  a  terminal  to  become  free.   It  also  lessened 
the  system's  sensitivity  to  terminal  and  telephone  equipment  failure. 

The  above  activities  did  not  preclude  the  installation  of  several 
enhancements.   A  number  of  search  keys  were  added.   These  allow 
discrimination,  in  searches,  on  the  basis  of: 

-  Confidentiality.   Confidential  compounds  can  henceforth  be  excluded 
or  otherwise  separated. 
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-  Special  structural  features.   These  are  special  keys,  referencing 
features  that  are  of  particular  Program  interest.   Their  use  avoids 
the  need  for  substructure-search  specification,  which  may  be  lengthy, 

-  Inventory  amount-on-hand.   A  search  can  be  confined  to  those 
compounds  that  are  available  in  excess  of  the  specified  quantity. 

-  Hold  for.   One  can  now  examine  all  "holds"  entered  by  a  specified 
individual. 

-  DR&D  Source.   Allows  searching  by  source  of  compounds. 


b)  Interlink  between  Chemistry  and  Biology. 

1.  Statement  of  problem. 

Independently  of  the  computer  system  for  chemistry  discussed  above,  a 
computer  system  is  maintained  by  DEB  for  Biology  data. 

Considerable  differences  exist  between  these  two  systems.   The  chemical 
system  is  run  on  a  computer  in  Columbus,  Ohio,  the  biological  system  on 
a  machine  located  at  DCRT.   The  chemical  system  operates  in  interactive 
mode,  providing  responses  immediately  upon  inquiry.  The  biology  system 
operates  in  batch  mode,  requiring  a  turn-around  time  of  several  days  to 
answer  a  query.  The  chemical  structure  output  is  coded  in  the  form  of 
line  vectors.   The  biology  output  is  represented  by  standard  characters. 
Few  printers  are  made  that  can  handle  both  outputs,  and  those  that  do 
are  slower  and  may  require  special  (chemically  treated)  paper. 

Because  of  these  differences,  outputs  from  the  Chemistry  and  Biology 
systems  have  always  been  obtained  separately.   This  is  not  what  most 
users  want.   The  interlink  problem,  then,  is  to  enable  the  user  to 
specify  queries  containing  data  elements  from  both  the  Biology  and 
Chemistry  files,  and  to  obtain  them  combined  in  a  single  output. 

This  problem  has  been  of  perennial  concern.   In  May  1977  the  Chemical 
Abstracts  Service  (CAS)  and  Value  Engineering  had  submitted  a  proposal 
for  a  "Reporting  Interlink"  to  an  ad  hoc  group  convened  by  Dr. 
Schepartz.  This  proposal,  however,  exceeded  anticipated  costs.  The 
upshot  was  that  an  independent  consultant.  Dr.  Jacobus,  was  asked  to 
examine  the  DTP  information  management  activities  as  a  whole.   He 
convened  a  committee,  whose  recommendations  included  the  following: 

-  that  a  Branch  be  created  to  consolidate  the  (DS&CB  and  DEB) 
information  resources. 

-  that  the  most  promising  short-range  solution  to  the  Interlink 
problem  be  adopted. 

-  that  the  long-range  DTP  requirements  be  determined. 
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-  that  information  support  be  extended  to  grantees  and  contractors. 

The  Jacobus  report  prompted  two  actions:   C&DIS  was  charged  with 
developing  the  short-range  solution  to  the  interlink  problem,  and  an 
in-house  'Interlink  Committee'  was  formed  to  monitor  these  efforts  and 
to  implement  the  remaining  recommendations  of  the  Jacobus  committee. 


2.  The  Interlink  Committee. 

The  Interlink  committee  has  developed  guidelines  for  the  establishment 
of  the  new  branch,  has  invited  potential  users  of  the  Interlink  to 
express  their  requirements,  and  has  monitored  the  progress  of  the 
Interlink  work.   Its  activities  are  reported  elsewhere. 


3.  Implementation  of  the  short-range  Interlink. 

The  short-range  solution  developed  for  the  Interlink  problem  consists  of 
two  separate  approaches: 

-  A  "basic"  Interlink,  allowing  the  recipient  of  any  Biology  report 
(generated  by  DEB)  to  obtain  it  with  a  chemical  structure  inserted 
against  each  NSC  number  listed. 

-  An  "interactive"  Interlink,  providing  a  user  of  the  interactive 
Chemistry  file  (who  will  compare  many  structures)  with  appropriate 
biological  data  to  evaluate  the  activity  of  retrieved  compounds. 

Implementation  of  the  "basic"  Interlink  requires  the  transfer  of  a  copy 
of  all  structures  on  the  CAS  file,  to  a  disk  file  at  DCRT  (with 
subsequent  bi-weekly  update).  A  printer/plotter  (VERSATEC  1200)  capable 
of  printing  Biology  reports  that  include  chemical  structures,  has  been 
ordered.   An  off-line  Raster  Processor  (VERSATEC  312),  required  to  drive 
this  printer  plotter,  was  ordered,  as  well  as  a  software  package 
(VERSAPLOT  V07.5)  to  convert  graphic  input  to  raster  format.   In 
addition,   programs  to  convert  chemical  structures  from  CAS  file-format 
to  VERSAPLOT  input-format,  have  been  obtained,  and  have  been  installed 
on  the  DCRT  computer.   Once  the  printer/plotter  is  delivered,  it  should 
not  take  long  to  implement  the  "basic"  Interlink. 

Implementation  of  the  "interactive"  Interlink  requires  the  selection  of 
suitable  data  elements  or  data  summaries,  to  denote  biological  activity, 
and  their  incorporation  into  to  the  interactive  Chemistry  file.   The 
Interlink  Committee  is  in  the  process  of  selecting  the  data  to  be  used 
for  this  purpose.   Although  the  amount  of  biological  data  available  on 
the  chemical  file  will  be  limited,  this  limitation  is  not  constraining. 
Voluminous  data  is  not  normally  desired  in  an  interactive  search,  and 
exhaustive  listings  can  always  be  obtained  from  the  "basic"  Interlink. 
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c)  Modeling  of  antitumor  activity. 

The  existence  of  a  concentration  of  chemical  and  biological  data  in  the 
area  of  antitumor  activity  presents  a  unique  opportunity  for  data 
analysis.   To  take  advantage  of  this,  a  computerized  model  (Hodes)  has 
been  perfected  over  the  past  several  years,  to  determine: 

-  the  likelihood  that  a  compound  will  possess  antitumor  activity. 

-  the  presence  of  structural  characteristics  not  found  in  other 
compounds  in  the  program,  thus  providing  a  measure  of  rarity  or 
uniqueness. 

It  is  anticipated  that  the  above  model  will  be  used  for  the  evaluation 
of  potential  acquisitions,  and  for  the  surveillance  of  compounds  from 
the  published  literature. 

Extensive  "ground  truth"  tests  of  the  validity  of  the  model  are 
currently  under  way,  and  are  reported  separately. 


III.  PLANS  FOR  THE  COMING  YEAR. 

These  plans  can  be  divided  into  short-  and  long-range;  the  short-range 
plans  being  expected  to  be  completed  within  the  year. 


a)  Short-range  plans. 

Interlink:  Although  much  of  the  preparatory  work  has  been  completed,  the 
Interlink  itself  remains  to  be  implemented.   This  includes  the  live 
testing  of  the  computer  programs,  the  creation  of  a  picture  file  at 
DCRT,  and  the  transfer  of  biological  data  elements  to  CAS.   It  is 
anticipated  that  this  work  will  be  speedily  completed  following  the 
imminent  delivery  of  the  VERSATEC  equipment. 

File  Cleanup:  These  operations,  described  above,  are  well  under  way. 

Applications  of  the  Hodes  Model:  experimental  applications,  as 
mentioned,  are  contemplated  both  for  acquisitions  and  literature 
surveillance. 

Formation  of  the  Information  Technology  Branch:   This  new  branch  will  be 
created  from  components  of  DEB  and  DS&CB,  and  is  expected  to  facilitate 
consolidation  of  the  chemical  and  biological  systems.   A  chief  for  this 
branch  is  yet  to  be  hired. 


b)  Long-range  plans. 

In  the  five  years  that  have  passed  since  the  chemical  information  system 
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was  installed,  the  system  has  been  profoundly  transformed,  partly  by  the 
staged  addition  of  planned  capabilities,  partly  by  the  installation  of 
initially  unanticipated  enhancements,  such  as  the  SSF's,  the 
non-structural  keys,  and  the  search  qualifications. 

In  these  five  years  of  operation,  as  experience  was  gained  with  the 
system,  the  need  for  a  considerable  number  of  additional  enhancements 
became  apparent.   Also,  many  considerations  that  influenced  the  system 
layout  when,  originally,  it  replaced  a  manual  system,  are  no  longer 
pertinent.   The  report  issued  by  the  Jacobus  Committee  has  further 
widened  the  scope  of  the  potential  modifications  to  the  system. 
Claiming  that,  in  its  current  state,  the  system  is  not  abreast  of  the 
state  of  the  art,  the  report  asserts  that  senior  DTP  chemistry  and 
biology  managers  are  forced  to  adapt  to  the  system  and  are,  as  a 
consequence,  seriously  limited  in  their  productivity.   The  committee 
felt  further  that  the  combined  Chemistry  and  Biology  information  in  the 
system  could  be  made  available,  at  little  additional  cost  but  with 
considerable  benefit,  to  principal  investigators  supported  by  grants  and 
contracts  and  to  other  participants  in  the  NCI  program. 

As  a  first  step  in  improving  the  effectiveness  of  the  system,  a  revision 
of  the  work  flow  will  be  undertaken.   Eliminating  obsolete  practices  and 
simplifying  others  will  facilitate  usage  of  the  system.   Replacing  some 
monitoring  functions  with  control  functions,  particularly  in  the 
execution  of  shipments,  will  increase  the  effectiveness  of  the  system. 
Since  many  suggestions  for  such  potential  changes  have  accumulated,  an 
overall  analysis  of  the  workflow  problem  will  first  be  conducted. 

With  a  more  manageable  system,  the  increased  utilization,  recommended  by 
the  Jacobus  Committee,  can  be  more  effectively  promoted.   It  is 
anticipated  that  progress  in  this  endeavor  will  be  monitored  by  a 
watchdog  committee,  composed  of  academic,  industrial,  and  Government 
investigators.   A  problem  that  must  be  resolved  is  how  to  expand 
utilization  of  the  system  under  the  constraints  imposed  by 
confidentiality  agreements  with  industry. 

The  Interlink,  too,  will  require  additional  attention.   The  current 
solution  merely  integrates  the  outputs  from  two  systems. 
Unquestionably,  the  next  goal  should  be  a  common  data  base,  which  would 
eliminate  such  activities  as  reciprocal  updating  of  the  two  systems, 
which  is  cumbersome,  engenders  duplication,  leads  to  discrepancies,  and 
the  absence  of  which  requires  special  programs  to  be  written  for 
practically  any  non-standard  query. 

In  the  longer  range,  one  must  also  consider  the  life-cycle  of  the 
system.   Given  the  high  cost  of  system  development,  it  will  be  necessary 
to  consider  the  alternative  of  using  commercially  available  systems.   In 
particular,  CAS  is  presently  attempting  to  provide  other  users  (chemical 
and  pharmaceutical  companies,  other  Government  agencies)  with  the 
service  it  now  provides  to  the  NCI.   Similarly,  commercially  available, 
large  capacity,  general  purpose  data  base  management  systems  may  be 
capable,  in  the  not  very  distant  future,  of  managing  the  biological  as 
well  as  non-structural  chemical  data  for  the  NCI. 
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ANNUAL  REPORT  OF  THE  NATURAL  PRODUCTS  BRANCH 

■'■  ■  DEVELOPMENTAL  THERAPEUTICS  PROGRAM 

•  ■  DIVISION  OF  CANCER  TREATMENT 

October  1,  1979  -  September  30,  1980 

One  of  the  major  objectives  of  the  Division  of  Cancer  Treatment  is  to  discov- 
er novel  types  of  compounds  with  antineoplastic  activity  which  can  provide  a 
basis  for  new  chemotherapeutic  agents. 

In  this  regard  natural  product  research  has  a  long  history  of  producing  novel 
and  unusual  types  of  chemical  structures  which  show  many  types  of  biological 
activity  and  indeed  the  basic  structural  types  of  various  classes  of  natural 
products  have  led  to  development  of  many  major  classes  of  chemotherapeutic 
compounds.   The  investigation  of  natural  substances  for  anticancer  activity 
can  provide  new  types  of  compounds  for  evaluation  which  possess  unusual 
properties  and  can  lead  to  new  drug  classes  for  chemotherapeutic  testing 
in  cancer  treatment. 

The  Natural  Products  Branch  has  actively  pursued  acquisition,  isolation, 
structure  determination,  and  testing  of  compounds  from  microbial,  plant, 
and  animal  sources  in  order  to  obtain  new  leads  for  further  development  in 
the  NCI  program. 

The  major  program  areas  of  the  Natural  Products  Branch  include:   1)  contract 
research  directed  towards  isolation  of  new  agents  from  active  extracts  of 
plant,  animal  (including  marine  organisms)  and  microbial  sources;   2)  ac- 
quiring three  types  of  human  interferon  (leucocyte,  fibroblast  and  lympho- 
blastoid) ;   3)  world-wide  procurement  of  new  plants,  marine  organisms,  and 
microbes  for  preparation  of  extracts  and  screening  for  antineoplastic  ac- 
tivity;  4)  procurement  and  preparation  of  large  quantities  of  active  agents 
for  drug  formulation,  tumor  panel  testing,  toxicology,  and  clinical  studies; 
5)  worldwide  literature  surveillance  for  the  acquisition  of  natural  products 
with  demonstrated  biological  activity  or  novel  structural  types  for  evalua- 
tion. 

Objectives 

As  part  of  the  overall  Division  of  Cancer  Treatment  Program,  the  Natural 
Products  Branch  has  three  major  objectives: 

I .   Fermentation 

The  acquisition  of  new  antineoplastic  agents  from  microbial  fermentations 
is  the  primary  responsibility  of  this  area.   A  contract  program  exists  to 
isolate  unique  organisms  and  to  ferment  and  prescreen  for  biological 
activity.   Active  fermentations  in  the  prescreens  are  then  tested  in  P388 
leukemia  in  vivo .   Active  broths  are  assigned  to  chemists  and  then  the 
active  anticancer  agent  is  isolated  and  evaluated  in  NCI.   The  capacity 
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exists  in  these  contracts  to  produce  sufficient  amounts  of  material  for 
clinical  studies.   The  program  is  using  novel  methods  and  unusual  sub- 
strates to  obtain  unique  organisms  in  the  hope  of  generating  numerous 
new  structural  leads.   In  vitro  prescreens  (enzyme  inhibition,  tubulin 
binding,  yeast  and  bacterial  spectrums,  phage  induction  and  cytotoxicity 
vs  various  cell  lines)  have  increased  the  efficiency  of  the  program 
and  decreased  the  in  vivo  testing  load  for  primary  fermentations. 

II.  Plant  and  Animal  Products 

The  acquisition  of  new  active  antineoplastic  agents  from  higher  plants 
and  from  animal  products  (marine,  primarily)  is  the  major  function  of 
this  section.   A  contract  program  exists  to  obtain,  select,  and  process 
enough  plant  material  to  obtain  sufficient  novel  material  for  chemical 
identification  and  antineoplastic  testing.   Critical  to  this  program  is 
the  ability  to  ensure  a  supply  of  plant  material  which  is  deemed  of 
interest  to  NCI.   This  program  is  in  need  of  in  vitro  prescreens  to 
allow  more  quickly  the  isolation  of  new  antineoplastic  agents.   Presently 
a  contract  award  is  being  made  to  develop  three  in  vitro  prescreens  for 
testing  plant  and  fermentation  extracts. 

A  contract  program  exists  to  obtain  marine  animal  products  in  sufficient 
quantity  to  extract,  isolate  and  identify  the  active  antineoplastic  com- 
pounds.  We  are  at  present  evaluating  submerged  fermentation  of  plant 
cells  as  an  alternate  route  to  supply  plant  products  and  to  study  the 
influence  of  precursors  on  yield  improvement  of  the  anticancer  compound 
of  interest.   Maytansinoids  and  tripdiolide  have  been  successfully  pro- 
duced in  this  manner.. 

III.  Worldwide  Surveillance  of  Natural  Products 


This  function  is  primarily  done  in  the  Office  of  the  Chief  and  the  Sec- 
tion Heads.   Literature,  personal  contacts  with  scientists,  universities 
and  industrial  companies  allow  NCI  to  determine  if  any  new  natural 
products  with  various  biological  activities  have  been  isolated  and  are 
worthy  of  testing  in  the  National  Cancer  Program.   Selected  biological 
activities,  new  organ  site  specificity,  or  new  structure  determines 
whether  a  compound  should  be  obtained  and  evaluated  in  NCI  tumor  screens. 
The  literature  surveillance  contract  has  been  highly  effective  in  identi- 
fying potential  new  compounds  of  interest  to  NCI. 

Program  Implementation 

The  objectives  of  the  Natural  Products  Branch  are  carried  out  through  the 
Sections  and  the  Office  of  the  Chief  and  are: 

I.   Fermentation  Section 

The  objective  is  the  isolation  and  development  of  novel  antineoplastic 
drugs  derived  from  microbial  fermentations.  In  support  of  these  tasks 
the  Section  maintains  six  contracts  to  isolate  unique  organisms  and  to 
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systematically  evaluate  the  microbial  world  for  its  ability  to  produce 
novel  anticancer  agents.   The  Section  maintains  seven  contracts  to  iso- 
late, identify,  and  scale  up  active  materials  of  interest  for  NCI  evalu- 
ation.  These  antineoplastic  agents  are  supplied  in  quantities  sufficient 
for  toxicology  and  clinical  trials. 

The  Section  directs  two  programs  in  biotransformation,  co-metabolism, 
and  one  program  in  the  production  of  interferon  from  lymphoblasts .   The 
work  includes  screening  of  microbes,  fermentation,  fermentation  develop- 
ment, chemical  isolation,  and  genetic  and  culture  research.   More  than 
15,000  cultures  were  fermented  this  year  and  evaluated  for  their  ability 
to  produce  novel  antineoplastic  agents.   Two  contracts  are  devoted  to  the 
biotransformation  of  known  structures  and  co-metabolism  of  various  un- 
usual compounds.   Biotransformation  is  the  microbial  technique  used  to 
convert  a  compound  to  one  of  lower  toxicity,  broaden  activity,  increase 
solubility,  or  make  it  pharmacologically  more  acceptable  to  man.   A 
microbe  can  carry  on  as  many  as  20  chemical  reactions,  many  at  the  same 
time,  producing  only  one  isomer  and  not  destroying  the  primary  structural 
moiety  of  a  compound. 

This  area  seems  to  be  quite  productive  and  is  being  continued.  The  use 
of  microbes  to  produce  antineoplastic  agents  has  been  used  by  NCI  since 
1956. 

TABLE  1 

FERiMENTATlON  PROGRAM  STATISTICS 

Approximately  5000  microbes  isolated/year  (more  than  15,000  in  1979) 

(a)  179,918  culture  broths  (primary)  tested  in  vivo  since  inception  of  pro- 
gram 

(b)  15,257  confirmed  actives  since  inception  of  program 

(c)  1,811  crystalline  metabolites  tested  since  inception  of  program 

(d)  127  new  compounds  in  tumor  panel  (in  1979)  — 

2/ 

(e)  11  new  compounds  in  special  testing  (in  1979)  — 

—  Tumor  panel  consists  of  in  vivo  testing  against  five  murine  tumors  and 
five  xenografts  (human  tumors  in  nude  mice)  or  renal  capsule 

2/  c    .  1  .   ,.         .   ,       pi/ 

—  Special  testing  -  against  any  of  — 

II.  Plant  and  Animal  Products  Section 

The  objective  is  the  development  of  novel  anticancer  drugs  from  higher 
plants  and  animals  (including  marine  organisms) .   In  support  of  this 
activity  the  Section  maintains  a  world  wide  program  of  acquisition  of 
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plant  and  animal  materials.   These  materials  are  supplied  by  three  col- 
lection contracts,  purchase  of  new  extracts,  and  voluntary  submission 
from  natural  products  researchers.   A  contract  also  exists  to  prepare 
extracts  of  new  materials  for  preliminary  screening.   Materials  corres- 
ponding to  active  extracts  are  then  recollected  in  quantities  large 
enough  for  fractionation  studies.   Fractionation  is  undertaken  by  one 
of  four  contractors  who  undertake  the  isolation,  purification  and 
structural  elucidation  of  the  active  substances  in  the  extracts.   There 
are  three  contractors  involved  in  isolation  of  novel  antineoplastic 
agents  from  plant  materials  and  one  contractor  primarily  involved  with 
animal  extracts.   These  contractors  also  reisolate  larger  quantities  of 
pure  compounds  for  further  screening  as  required.   A  preparative  scale-up 
isolation  laboratory  is  available  to  process  large  amounts  of  plant, 
extract,  and  produce  substantial  amounts  of  pure  compound  for  toxicology, 
pharmacology  and  clinical  studies.   The  use  of  plants  to  obtain  antineo- 
plastic agents  has  been  done  at  NCI  since  1957.   The  animal  program  was 
not  formalized  until  1970. 

TABLE  2 

PLANT  PROGRAM!  STATISTICS 

1500-3000  plant  samples/year  received  by  NCI 

(a)  500-900  different  plants/year 

(b)  Approximately  35,000  plant  species,  and  108,830  extracts  tested 
since  inception  of  program 

(c)  Plant  extracts  active  -  4712  since  inception  of  program 

1)  1510  genera 

2)  3286  species 

(d)  64  plant  compounds  in  tumor  panel  (in  1979) 

(e)  4  plant  compounds  in  special  testing  (in  1979) 

(f)  2192  crystalline  plant  compounds  tested 
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TABLE  3 
ANIMAL  PROGRAM  STATISTICS 
3000  animal  species  extracted  and  tested  since  inception  of  program 

(a)  15,063  extracts  tested  since  inception  of  program 

(b)  651  confirmed  actives 

(c)  404  genera 

(d)  552  species 

(e)  910  crystalline  animal  compounds  tested 

(f)  3  animal  compound  in  tumor  panel 

(g)  10  animal  compounds  in  special  testing 

III.  Worldwide  Surveillance 

This  activity  is  carried  out  by  the  Branch  and  is  important  in  acquiring 
novel  products  for  evaluation  in  the  program.   The  maintenance  of  world- 
wide contacts  with  scientists,  industrial  companies  or  universities  is 
essential  in  order  that  NCI  may  acquire  as  early  as  possible  any  novel 
compounds  with  interesting  biological  activity.   These  compounds  are 
reviewed  for  interest  based  on  structure,  various  biological  activity  and 
antitumor  activity  and  if  deemed  interesting  are  tested  in  the  NCI  pro- 
gram.  This  type  surveillance  is  important  to  determine  what  screens  and 
what  type  compounds  are  being  evaluated  for  cancer  research  worldwide. 
The  literature  surveillance  contract  and  industrial,  academic  and  re- 
search institutes  have  been  valuable  sources  of  new  compounds. 

Branch  Staff 

The  Natural  Products  Branch  is  composed  of  a  staff  of  seven  persons  consist- 
ing of  three  senior  professional  scientists  (GS  13  or  above),  two  other 
professional  staff  members  and  a  clerical  staff  of  two. 

The  responsibility  for  the  activity  of  the  Branch  is  as  follows: 

Natural  Products  Branch 

Chief  -  Dr.  John  D.  Douros 
Plant  and  Animal  Products  Section 
Head  -  Dr.  Matthew  Suffness 
Fermentation  Section 
Head  -  Amelia  Acierto 
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Program  Operation 

The  fermentation  program  has  been  designed  to  hopefully  obtain  more  novel 
organisms  and  ferment  these  cultures  under  various  conditions  which  should 
produce  novel  antineoplastic  agents.   Work  continues  to  develop  new  pre- 
screens  (in  vitro)  in  order  to  obtain  new  structures  with  antineoplastic 
activity.   The  prescreens  allowed  the  major  NCI  fermentation  contractors  to 
evaluate  15,317  new  fermentations.   This  is  5,000  more  than  last  year. 
Three  thousand  five  hundred  ninety  five  of  these  fermentation  broths  were 
active  in  one  or  more  of  the  prescreens  (antimetabolite,  microbial  screen, 
tubulin  binding,  antiviral,  enzyme  inhibition).   1161  of  the  in  vitro 
actives  have  been  regrown  and  tested  in  vivo  vs  P388  leukemia  in  the  mouse. 
Normally  when  all  crudes  were  tested  directly  in  vivo  (until  1975)  approxi- 
mately 3-4%  were  active.   Using  the  prescreen  15.5%  of  the  in  vitro  actives 
were  active  in_  vivo .   In  addition,  with  presumptive  chromatography  now  being 
done  before  the  in^  vivo  step  most  of  the  actives  should  be  novel.   We  also 
found  out  in  our  experiment  to  concentrate  the  iii  vitro  active  broths  allowed 
52%  to  be  in  vivo  active. 

Table  4.   Results  indicate  a  highly  productive  year  even  with  a  decreased 
budget.   At  present  \<ie   have  127  microbially  derived  compounds  in  the  tumor 
panel  and  11  microbial  materials  in  special  testing.   This  year  many  novel 
fermentations  (147)  with  in  vivo  P388  activity  were  assigned.   Due  to  the 
budgetary  reductions  we  have  had  to  cut  our  fermentation  and  chemical  efforts 
which  is  the  primary  reason  fewer  materials  were  isolated.   This  number  is 
still  far  above  years  prior  to  1975. 

TABLE  4 

1979  Fermentation  Statistics 

Cultures    Active    Tested    Active    Undergoing    New  Active 
Company   Fermented   In  Vitro    In  Vivo    In  Vivo   Chem.  Fract'n   Compounds 

A  894  156(17.4%)  180  44(24.4%)  70  6 

B  4,289  2,501(58.3%)  172  75(43.6%)  37  2 

C  10,134  938(9.2%)  809  61(7.5%)  40  2 

Total  15,317  3,595(23.1%)  1,161  180(15.5%)  147  10 

Biotransformation  and  co-metabolism  are  two  fermentation  techniques  being 
evaluated  for  their  potential  to  produce  interesting  microbial  metabolites 
(two  contracts) .   The  biotransformation  and  co-metabolism  program  is  designed 
to  modify  compounds  which  have  a  structure  nucleus  of  interest  to  NCI  but  the 
drug  itself  is  either  too  toxic,  has  some  ill-desired  side  effect,  or  is  not 
quite  active  enough.   It  is  hoped  with  subtle  select  modifications  made  mi- 
crobially a  superior  compound  will  be  obtained.   Microbes  are  known  to  do 
approximately  20  chemical  reactions  and  can  do  many  of  these  at  the  same  time 
on  a  compound  without  destroying  the  structure.   Ten  compounds  were  obtained 
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from  the  biotransformation  program  this  year  and  are  being  evaluated.   Twenty 
two  compounds  were  exposed  to  this  technique  and  in  many  cases  more  than  100 
microbes  were  used  in  an  attempt  to  get  a  modification  of  the  structure 
(Table  5).   In  addition,  co-metabolism  fermentations  have  been  initiated. 
This  is  the  feeding  in  of  an  unusual  chemical  in  the  hope  of  influencing  the 
microbe's  metabolism  and  having  it  produce  new  antineoplastic  agents. 

TABLE  5 

Microbial  Biotransformation  1979 


Substrates  to 
be  Transformed 


No.  of 
Microbes  Used 


Identified 
as  New  Compounds 


Acridine,  9-p-(dimethylamino)- 

anilino  55 

2H-l,4-Ben2odiazepin-2-one,  7- 

chloro-1, 3-dihydro-5-pyrrol-2-yl  50 

Bouvardin  193 

Bruceantin  224 

Echinomyc in-like  60 

Ellipticine  200 

Ellipticine,  9-methoxy  211 

Hedamycin  52 

Helenalin  36 

Mithramycin,  Mg  salt  55 

Mitomycin  C  52 

Nonactin  75 

Porfiromycin  58 

Quinaldine  51 

Quinolinum  51 

Streptonigrin  60 

Tallysomycin  17 

Taxol  95 

Tenuazonic  acid  51 

Thiostrepton  60 

Vernolepin  45 

Viridicatumtoxin  125 

Daunomycinone  50 


4 
3 
2 
7 
15 
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TABLE  6 


FERMENTATION  LEADS 


(a) 


T/C 
125-149 

T/C 
150-174 

T/C 
175-199 

T/C 
200+ 

Tot; 

Bristol 

0 

2 

1 

3 

6 

Litton  Bionetics 

16 

6 

5 

1 

28 

Upjohn 

31 

26 

3 

2 

62 

Warner-Lambert 

16 

18 

_^ 

_1_ 

42 

63 

52 

16 

7 

138 

^^^      PS  in  vivo 

activity  as  o 

f  2/27/80 

Biological  test  systems  are  used  to  monitor  the  compound  isolation;   thus  by 
the  time  the  final  product  is  isolated  as  many  as  800  tests  containing  this 
material  might  have  been  evaluated.   The  amount  of  prior  testing  allows  for 
greater  insight  into  the  handling  and  testing  of  the  compounds  and  also  a 
greater  assuredness  of  the  reproducibility  of  the  material  as  a  truly  active 
compound.   In  some  cases  only  the  in  vivo  assay  shows  activity  which  makes 
isolation  a  very  laborious  process. 


CONTRACTORS 

Bristol  Laboratories 
Bristol  Laboratories 
British  Columbia  Univ. 
Kyowa  Hakko  Kogyo  Co. 
Litton  Bionetics 


TABLE  7 

FER>IENTATI0N  CONTRACTS 

INVESTIGATORS 

Bradner 

Claridge 

Kutney 

Misawa 

White 


(Chemotherapy  Laboratory) 

Michigan  Department  of         Schuurmans 
Health 

Microbial  Chemistry  Umezawa 

Research  Foundation 

Warner  Lambert  Dion 

University  of  Iowa  Rosazza 


CONTRACT   NO. 

N01-CM-77U7 
NOl-CM-77138 
NOl-CM-87236 
N01-CM-87190 
NO1-C07-5380 

NOl-CM-33702 

NOl-CM-57009 

NOl-CM-77146 
NOl-CM-77176 
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TABLE  7  (Cont'd.) 

CONTRACTORS  INVESTIGATORS  CONTRACT  NO. 

Upjohn  Co.  Neil  NOl-CM-77100 

University  of  Illinois*        Loub  NOl-CM-97259 

*   Literature  surveillance  for  all  natural  products 


Kilogram  quantities  of  daunomycin  have  been  produced  at  our  Litton  Bionetics 
contractor.   This  contract  is  primarily  a  pilot  plant  research  and  develop- 
ment contract.   Also  a  successful  Namalva  lymphoblastoid  interferon  process 
has  been  developed.   The  crude  interferon  is  being  submitted  to  Dr.  Anfinsen 
for  purification  and  amino  acid  sequencing. 

Several  DN2  leads  (largomycin,  anticapsin,  julimycin  BII)  are  having  pro- 
cesses developed  for  scale-up  so  we  can  produce  sufficient  material  for  the 
tumor  panel . 

IND's  were  filed  on  Aclacinomycin,  Acivicin  (AT-125)  and  Pentostatin,  all  of 
which  are  microbial  products. 

This  year  we  obtained  53  pure  antibiotic  materials  from  our  contractors  and 
232  from  outside  sources.   A  total  of  309  fermentation  antibiotics  are  under- 
going special  testing  (in  more  than  one  animal  tumor  system)  and  177  fermen- 
tation antibiotics  are  being  tested  in  the  entire  tumor  panel.   Because  of 
the  extensive  testing  required  before  a  candidate  compound  is  presented  to 
Decision  Network  and  more  stringent  requirements  for  candidates  fewer  com- 
pounds will  be  presented  to  the  decision  making  group  at  NCI  for  toxicological 
and  clinical  trials. 

Plant  and  Animal  Section 

The  operation  of  the  plant  products  area  is  divided  into  three  main  areas: 
procurement,  preparation  of  extracts  for  screening,  and  isolation  studies 
of  active  extracts. 

The  initial  procurement  of  plants  comes  from  three  major  sources,  an  inter- 
agency agreement  with  the  United  States  Department  of  Agriculture,  a  contract 
with  the  University  of  Hawaii  and  U.S.  plants  for  aqueous  extraction  from 
Research  Triangle  Institute.   Other  plant  samples  are  procured  by  purchase 
and  voluntary  submission  from  interested  persons  worldwide.   Plant  submissions 
are  screened  to  eliminate  excessive  duplication  of  species  already  tested. 
When  new  areas  are  being  explored,  a  list  of  botanical  genera  and  species  is 
reviewed  and  a  selection  made  of  what  NCI  wishes  to  have  collected.   The 
preparation  of  plant  extracts  for  screening  is  performed  under  a  service 
contract  with  Raltech  Scientific  Services,  Inc. 
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Approximately  3-5%  of  the  extracts  tested  show  reproducible  activity  in  either 
P388  in  vivo  or  KB  cell  culture.   A  selection  of  P388  in  vivo  active  plants 
is  made  as  to  which  plants  are  to  be  collected  in  large  quantities  for  assign- 
ment to  NCI  fractionator  contracts  for  isolation  of  the  active  anticancer 
compound(s).   Hopefully  prescreens  can  be  made  available  to  test  plant  ex- 
tracts so  NCI  can  obtain  new  compounds  and  expedite  isolation  of  these  com- 
pounds for  testing.   A  contract  in  this  area  is  pending. 

At  present  the  compounds  are  selected  for  fractionation  based  on  the  level 
of  in_  vivo  activity  and  phytochemical  knowledge  of  the  constituents  of  the 
genera  and  species  showing  activity.   Much  of  this  chemical  constituent  data 
is  obtained  through  a  computer  survey  at  the  University  of  Illinois  and  is 
acquired  on  an  individual  genera  basis. 


TABLE  8 


PLANT  LEADS 


(a) 


Arizona  State  Univ. 
Purdue  University 
Research  Triangle 
Univ.  of  Illinois 


T/C 

T/C 

T/C 

T/C 

125-149 

150-174 

175-199 

200+ 

Tota 

31 

17 

3 

1 

52 

13 

2 

2 

1 

18 

24 

10 

4 

2 

40 

31 

17 

3 

1 

52 

99 

56 

12 

5 

162 

(a) 


PS  in  vivo  results  as  of  2/27/80 


This  year  25  plant  materials  were  authorized  for  assignment  to  the  chemists 
for  fractionation.   Those  plants  selected  for  isolation  studies  are  collected 
in  100-300  lb.  quantities  and  sent  to  one  of  three  active  contract  labora- 
tories for  fractionation.   The  progress  of  fractionation  of  the  plant  ex- 
tracts is  monitored  by  testing  fractions  in  the  PS  in_  vivo  or  KB  lii  vitro 
system  and  pursuing  isolation  studies  only  on  the  active  portion  of  the 
fractionation  materials.   Fractionation  is  continued  until  the  active  mater- 
ials are  isolated  in  pure  form.   The  purified  materials  are  tested  thoroughly 
and  screening  data  is  closely  monitored  by  the  Natural  Products  Branch  staff. 
Structural  studies  are  performed  on  active  compounds  by  the  fractionation 
contractors.   The  production  of  active  novel  compounds  from  this  approach  has 
been  satisfactory.   We  feel  the  addition  of  prescreens  will  allow  for  the 
finding  of  more  novel  active  compounds. 

The  animal  products  area  is  handled  in  a  similar  fashion  to  the  plant  program 
except  also  doing  preparation  of  extracts  of  new  organisms  as  well  as  fraction- 
ation.  The  main  emphasis  in  this  area  is  on  marine  organisms  which  is  a 
relatively  new  area  and  should  lead  to  discovery  of  novel  active  compounds 
unrelated  to  those  from  the  plant  or  microbial  fields.   Initial  compounds  in- 
dicate that  the  marine  area  will  indeed  yield  completely  different  compounds 
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from  those  found  in  the  terrestrial  world. 

In  addition  one  contract  has  been  awarded  for  the  production  of  50  billion 
units  of  leucocyte  interferon  with  a  purity  of  at  least  3  X  106  units/mg  of 
protein.   Two  other  awards  for  interferon  (fibroblast  and  lymphoblastoid)  are 
contemplated  before  fiscal  1981. 

This  year  36  pure  plant  compounds  were  isolated  and  submitted  by  contractors 
and  151  by  outside  sources.   A  total  of  80  plant  materials  are  undergoing 
special  testing  and  89  materials  are  in  the  tumor  panel. 

A  total  of  28  pure  animal  compounds  were  submitted  this  year  by  the  contract- 
or and  22  new  compounds  came  from  outside  sources.   A  total  of  33  animal 
compounds  are  in  special  testing  and  3  are  in  the  tumor  panel. 


TABLE  9 


MARINE  LEADS 


(a) 


Arizona  State  Univ. 
Univ.  of  Houston 
Univ.  of  Oklahoma 


(a) 


T/C 

T/C 

T/C 

T/C 

25-149 

150-174 

175-199 

200+ 

Tota] 

50 

31 

6 

0 

87 

139 

32 

2 

2 

175 

28 

12 

_1 

_g 

41 

217 

75 

9 

2 

303 

PS  in  vivo  results  as  of  2/27/80 
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TABLE  10 
PLANT  AND  ANIMAL  PRODUCTS  CONTRACTORS 
INVESTIGATOR 


Agriculture,  U.S.  Dept.  of  Duke 

Arizona  State  University  Pettit 

Arizona  State  University  Pettit 

Hawaii,  University  of  Sagawa 

Illinois,  University  of  Farnsworth 

Polysciences,  Inc.  Boettner 

Purdue  University  Cassady 

Raltech  Scientific  Services  Statz 

Research  Triangle  Institute  Wall 


CONTRACT  NO. 

YOl-CM-4001 

NOl-CM-97297 

NOl-CM-97262 

NOl-CM-33747 

NOl-CM-97295 

NOl-CM-77070 

NOl-CM-97296 

NOl-CM-87182 

NOl-CM-97261 
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TABLE  10  (Cont'd) 
CONTRACTORS  INVESTIGATOR  CONTRACT  NO. 

Warner  Lambert  Breedmore  NOl-CM-07292 


Worldwide  Surveillance 

An  extensive  liaison  is  maintained  between  the  Branch  and  the  pharmaceutical 
and  chemical  industries,  grantees,  academic  institutions,  research  organiza- 
tions, and  other  government  laboratories  to  maintain  our  knowledge  of  natural 
products  research  and  development  throughout  the  world.   Also  this  liaison 
allows  us  to  obtain  prime  compounds  soon  after  their  discovery  for  evaluation 
in  the  NCI  program  (e.g.  bactobolin,  Bleomycin  BAPP,  aplasmomycin,  4S-hydroxy- 
withanolide  E,  etc.). 

This  year  405  new  compounds  were  obtained  because  of  this  liaison,  many  of 
which  are  active  and  are  being  obtained  in  larger  amounts  for  evaluation. 
Close  contact  is  maintained  with  the  suppliers  in  order  to  provide  inter- 
change of  chemical  and  biological  data  which  is  essential  to  insure  efficient 
use  of  material. 

An  8-day  international  visit  to  Europe  as  a  guest  of  the  University  of  Frank- 
furt and  to  visit  the  following  organizations  was  made. 

Burroughs-Wellcome 

G.D.  Searle 

Rega  Industries 

Imperial  Chemical  Co. 

Cassella  Pharmaceutical  Co. 

Hoechst  Chemicals 

CERIA  Fermentation 

Jules  Bordet 

University  of  Frankfurt 

A  9-day  international  visit  to  Japan  (3  days  for  site  review  and  negotiations 
on  fibroblast  interferon)  and  to  visit  the  following  organizations  was  made, 

Toray  Co. 

Nippon  Chemiphar 

Toyo  Jozo  Co.,  Ltd. 

Yamanouchi  Pharmaceutical  Co. 

Nippon  Kayaku 

Chugai 

Sanraku-Ocean 

Yakult  Institute 

Kyowa  Hakko  Kogyo  Co.,  Ltd. 

Sankyo 

Mitsubishi  Chemical  Industries 

Institute  of  Microbial  Chemistry 
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Japanese  Foundation  for  Cancer  Research 
Chiba  Cancer  Center 
Chiba  University 

Many  natural  products  are  obtained  from  all  parts  of  the  world  and  from  all 
types  of  organizations.   The  following  criteria  are  used  to  determine  if  NCI 
is  interested  in  testing  such  materials  or  should  request  them: 

1.  Compound  has  some  anticancer  activity  vs  any  tumor,  whether  in  NCI's 
system  or  not 

2.  A  novel  structure  never  evaluated  in  our  program 

3.  Activity  vs  yeast,  fungi,  or  certain  bacteria 

4.  Antiviral  activity  (human,  animal,  or  bacterial) 

5.  Reported  enzyme  inhibition  of  proteases,  lipases,  CAmp  phosphodiesterase, 
aminopeptidase,  transmethylase,  etc. 

Several  interesting  compounds  have  come  from  this  work:   aclacinomycin  (now 
in  U.S.  clinical  trials);  lentinan  (in  Phase  III  studies  in  Japan);  rapamycin 
(passed  DN2) ;  largomycin  (passed  DN2) ;  pepleomycin,  bestatin  (in  clinical 
trials  in  Japan)  and  neothramycin  (due  to  be  initiated  in  1980) . 

Miscellaneous 


This  year  62,025  in  vivo  and  14,636  in  vitro  tests  were  run  on  natural  pro- 
ducts through  NCI  screening  contracts  and  does  not  include  testing  done  at 
the  pharmaceutical  houses  that  have  contracts  with  NCI.   A  total  of  three 
IND's  were  filed  on  natural  products. 

TABLE  11 

IND's 

Acivicin  (AT-125)  NSC  163501 

Aclacinomycin  NSC  208734 

Pentostatin  (2 '-deoxycoformycin)         NSC  218321 

Forty-seven  crystalline  compounds  have  shov/n  confirmed  activity  (14  plant,  32 
fermentation,  1  animal).   Many  are  now  on  test  to  confirm  initial  activity. 

Accomplishments 

The  Natural  Products  Branch  provided  many  new  compounds  to  the  program 
(Table  12).   These  materials  were  of  fermentation,  plant,  and  animal  origin. 
Forty-seven  of  these  materials  have  demonstrated  confirmed  activity  in  one 
or  more  of  the  screens  (step  III) .   Four  compounds  have  passed  DN2  and  are 
candidates  for  preclinical  toxicology  (Table  13) . 
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Of  the  522  pure  natural  products  added  to  our  program,  117  (22.4%)  were 
obtained  from  contracts  and  the  remainder  were  obtained  through  worldwide 
surveillance. 

The  Branch  manages  a  total  of  20  contracts  with  industrial,  academic  and 
research  institutions,  both  domestic  and  foreign. 

In  summary,  the  following  was  achieved  in  the  last  twelve  months  by  the 
Natural  Products  Branch: 

1.  A  total  of  5,382  new  substances  were  obtained  for  screening 

a.  1,249  fermentation  products 

b.  503  animal  products 

c.  3,630  plant  products 

d.  522  pure  compounds 

2.  A  total  of  117  compounds  were  isolated  and  purified  under  contract: 

a.  53  fermentation  products 

b.  36  plant  products 

c.  28  animal  products 

3.  A  total  of  405  compounds  were  obtained  from  worldwide  surveillance: 

a.  232  fermentation  products 

b.  151  plant  products 

c.  22  animal  products 

4.  One  new  substance  was  assigned  to  Decision  Network  2A 
a.    1  plant  product 

5.  Twenty  contracts  were  supervised  by  the  Branch  (Table  7  and  Table  10) 

a.  7  fermentation 

b.  2  biotransformation 

c.  3  plant  collectors 

d.  3  plant  f ractionators 

e.  1  plant  extraction 

f.  1  plant  prep  lab 

g.  1  animal  fractionator 

h.    1  literature  surveillance 
i.    1  interferon  (leucocyte) 
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TABLE  13 
COMPOUNDS  PASSING  DECISION  NETWORK  2A 
43-hydroxywithanolide  E    NSC  212509 

The  Natural  Products  Branch  is  involved  in  many  analog  committees.   Dr. 
Douros  chairs  the  Bleomycin,  Actinomycin  and  Antimetabolite  analog  committees. 
Dr.  Suffness  chairs  the  Mitotic  Inhibitors  Committee. 

During  the  past  year  the  Natural  Products  Branch  has  assumed  the  responsibil- 
ities of  evaluating  natural  products  grant  applications. 

The  major  accomplishments  were: 

1.  Three  fermentation  products  (aclacinomycin,  pentostatin,  acivicin) 
entered  Phase  I  clinical  trials  this  year. 

2.  Indicine-N-oxide  and  Bruceantin  -  these  plant-derived  compounds  entered 
Phase  II  clinical  trials. 

3.  Human  formulations  for  taxol  and  echinomycin  are  being  evaluated  and  if 
these  formulations  are  active,  these  drugs  will  be  available  for  toxi- 
cology. 

4.  100  grams  of  homoharringtonine  are  being  prepared  for  formulation  and 
toxicology  studies.   The  first  delivery  will  be  made  this  summer. 

5.  Several  kilograms  of  daunomycin  were  produced  at  the  Frederick  Cancer 
Research  Center  (FCRC) . 

6.  The  best  year  in  obtaining  new  natural  products  was  attained  with  522 
being  tested.   117  of  these  came  from  contracts. 

7.  Plant  cell  fermentation  has  been  successful  in  producing  maytansinoids 
and  tripdiolide. 

8.  The  interferon  process  continues  to  be  improved  and  costs  decreased.   A 
contract  has  been  let  on  leucocyte  interferon  with  3  additional  con- 
tracts pending  (leucocyte,  fibroblast  and  lymphoblastoid) . 

9.  127  fermentation,  64  plant  and  3  animal  compounds  are  in  the  tumor  panel. 

10.  A  successful  Natural  Products  Contractors  Meeting  was  held  in  Syracuse. 

11.  More  than  15,000  cultures  were  fermented  and  prescreened  this  year. 

12.  150  grams  of  Bruceantin  was  prepared  at  the  pilot  plant. 

13.  11  pure  biotransformation  products  were  submitted  this  year. 

270 


PUBLICATIONS  BY  CONTRACTORS: 

Gunasekera,  S.P.,  Badawi,  M.M.,  Cordell,  G.A.,  and  Farnsworth,  N.R. :  Poten- 
tial anticancer  agents.  X.  Isolation  of  camptothecin  and  9-inethoxycamptothe- 
cin  from  Ervatamia  heyneana  (Apocynaceae) .   J.  Nat.  Prod.  42:  475-477,  1979. 

Lotter,  H.,  Wagner,  H. ,  Saleh,  A.A. ,  Cordell,  G.A.,  and  Farnsworth,  N.R.: 
Potential  anticancer  agents.  XI.  X-Ray  structure  determination  of  acantholide. 
Z.  Naturforsch.   34C:  677-681,  1979. 

Gunasekera,  S.P.,  Cordell,  G.A. ,  and  Farnsworth,  N.R.:   Potential  anticancer 
agents.  XIV.  Constituents  of  Cunuria  spruceana.   J.  Nat.  Prod.  42:  658-662, 
1979. 

Pettit,  G.R.,  Herald,  C.L.  and  Vanell,  D. :   Isolation  and  characterization 
of  Strongylostatin  1.   J.  Nat.  Prod.  42:  407-409,  1979. 

Cassady,  J.M.,  Ojima,  N. ,  Chang,  C.J.,  and  McLaughlin,  J.L.:   Dehydro- 
lanuginolide,  a  cytotoxic  constituent  from  the  fruits  of  Michelia  doltsopa. 
Phytochemistry.  18:  1569-1570,  1979. 

Hembree,  J. A.,  Chang,  C.J.,  McLaughlin,  J.,  Cassady,  J.M.,  Watts,  D.J., 
Wenkert,  E.,  Fonseca,  S.F.  and  Campello,  J.:   The  cytotoxic  norditerpene 
dilactones  of  Podocarpus  Mllanj  ianus  and  Podocarpus  sellowii.   Phytochem- 
istry. 18:  1691-1694,  1979. 

Hanka,  L.J.:   In  vitro  system  for  detection  of  antimetabolites  of  specific 
amino  acids.   Cancer  Treat.  Rep.  63:  1133-1136,  1979. 

Hanka,  L.J. ,  and  Muggia,'  F.M.,  Chief  editors:   Proceedings  of  the  Workshop 
on  Amino  Acid  Imbalance  in  the  Treatment  of  Cancer.   Cancer  Treat.  Rep. 
63:  1109-1136,  1979. 

Li,  L.H.,  Kuentzel,  S.L.,  Murch,  L.L.,  Pschigoda,  L.M.  and  Drueger,  W.C: 
Comparative  biological  and  biochemical  effects  of  nogalamycin  and  its  ana- 
logs on  L1210  leukemia.   Cancer  Res.  39:  4816-4822,  1979. 

McGovren,  J. P.,  Neil,  G.L.,  Denlinger,  R.H. ,  Wiley,  P.F.,  Hall,  T.L., 
Crampton,  S.L.  and  Swenberg,  J. A.:   Chronic  cardiotoxicity  studies  in 
rabbits  with  7-Con-O-Methylnogarol,  a  new  anthracycline  antitumor  agent. 
Cancer  Res.  39:  4849-4855,  1979. 

Umezawa,  H. :   Thirty-five  years  with  bioactive  microbial  products.   Hetero- 
cycles.  13:  17-22,  1979. 

Umezawa,  H. :   Recent  chemical  studies  of  bioactive  microbial  products: 
genetics,  active  structures,  development  of  effective  agents  with  potential 
usefulness.   Heterocycles .  13:  23-47,  1979. 

Tanaka,  W. ,  and  Takita,  T. :   Pepleomycin,  the  second  generation  bleomycin 
chemically  derived  from  bleomycin  A2 .   Heterocycles .  13:  469-476,  1979. 


271 


Okamoto,  R. ,  Fukumoto,  T.,  Imafuku,  K. ,  Okubo ,  T.,  Kiyoshima,  K.,  Takamatsu, 
A.,  and  Takeuchi,  T.:   Screening  for  16-membered  macrolide-transforming 
microorganisms.   J.  Ferment.  Technol.  57:  519-528,  1979. 

Tsuchiya,  T. ,  Jikihara,  T.,  Miyake,  T. ,  Umezawa,  S.,  Hamada,  M.  and  Umezawa, 
H. :   Synthesis  of  Istamycin  A.   J.  Antibiot.  32:  1365-1366,  1979. 

Umezawa,  H. ,  Ikeda,  D. ,  Miyasaka,  T. ,  and  Kondo,  S.:   Syntheses  and  proper- 
ties of  the  6'-C-alkyl  derivatives  of  3 ' ,4 '-dideoxykanamycin  B.   J.  Antibiot. 
32:  1360-1364,  1979. 

Ikeda  D.,  Miyasaka,  T. ,  Yoshida,  K. ,  linuma,  K. ,  Kondo,  S.,  and  Umezawa,  H. : 
The  chemical  conversion  of  gentamine  C    into  gentamine  C„  and  its  6'-epinier. 
J.  Antibiot.  32:  1357-1359,  1979. 

Muller,  W.E.G.,  Zahn,  R.K. ,  Arendes,  J.,  Munschi,  N.,  and  Umezawa,  H. : 
Activation  of  DNA  metabolism  in  T-cells  by  bestatin.   Biochem.  Pharmacol. 
28:  3131-3137,  1979. 

Chien,  M.M. ,  and  Rosazza,  J. P.:   Microbial  transformations  of  natural  anti- 
tumor agents:  8.  Formation  of  8-  and  9-hydroxyellipticines.   Drug  Metab . 
Dispos.  7:  211-214,  1979. 

Chien,  M.M. ,  and  Rosazza,  J. P.:   Microbial  transformations  of  natural  anti- 
tumor agents:  9.  0-Demethylation  of  9-methoxyellipticine.   J.  Nat.  Prod. 
42:  643-647,  1979. 

Claridge,  C.A.,  Schmitz,  H. ,  and  Bradner,  W.T.:   Antitumor  activity  of  some 
microbial  and  chemical  transformation  products  of  anguidine  (4 ,15-diacetoxy- 
scirpene-3-ol) .   Cancer  -Chemother.  Pharmacol.  2:  181-182,  1979. 

DuVernay,  V.H.,  Essery,  J.M.,  Doyle,  T.W.,  Bradner,  W.T.,  and  Crooke,  S.R.: 
The  antitumor  effects  of  anthracyclines .   The  importance  of  the  carbomethoxy- 
group  at  position  -10  of  marcellomycin  and  rudolfomycin.   Mol.  Pharmacol. 
15:  341-356,  1979. 

Mong,  S.,  Strong,  J.E.,  Bush,  J. A.,  and  Crooke,  S.T.:   The  use  of  convalent- 
ly  closed  circular  deoxyribonucleic  acid  for  prescreening  for  antitumor 
compounds.   Antimicrob.  Agents  Chemother.  16:  398-405,  1979. 

Aszalos,  A.,  Macy,  M.L.,  Sethi,  V.S,,  Luc,  V.,  Kalita,  C:   Biological  and 
physioco-chemical  properties  of  some  N-acyl-daunorubicin  derivatives. 
Biochem.  Pharmacol.  28:  335-337,  1979. 

Chan,  J. A.,  Stroshane,  R.M. ,  and  Guenther,  E.G.:   A  rapid  quantitative 
assay  of  sparsomycin  by  high  pressure  liquid  chromatography.   J.  Liquid 
Chromatography.  2:  85-90,  1979. 


272 


Stroshane,  R.M. ,  Chan,  J. A.,  Rubalcaba,  E.A. ,  Garretson,  A.L.,  Aszalos, 
A. A.  :  Isolation  and  structure  elucidation  of  a  novel  griseorhodin.  J_. 
Antibiot.  32:  197-204,  1979. 

McGuire,  J.C.,  Hamilton,  B.K. ,  White,  R.J.:   Approaches  to  development  of 
the  daunorubicin  fermentation.   Process  Biochem.  14:  2-5,  1979. 

Pandey,  R.C.,  Kalita,  C.C,  White,  R.J.,  Toussaint,  M.W.  :  Process  develop- 
ment in  the  purification  of  daunorubicin  from  fermentation  broths.  Process 
Biochem.  14:  9-13,  1979. 

Neil,  G.L.,  Berger,  A.E.,  Bhuyan,  B.K.,  Blowers,  C.L.  and  Kuentzel,  S.L.: 
Studies  of  the  biochemical  pharmacology  of  the  fermentation-derived  anti- 
tumor agent  (aS, 5S)-a-amino-3-chloro-4 ,5-dihydro-5-isoxazoleacetic  acid 
(AT-125).   In  Weber,  G.  (Ed.):   Advances  in  Enzyme  Regulation.   New  York, 
Pergamon  Press,  1979,  Vol.  17,  pp.  375-398. 

Neil,  G.L.,  McGovren ,  J. P.  and  Kuentzel,  S.L.:   Therapy  of  mouse  tumors  with 
7 (R)-O-methylnogarol  and  other  analogs  of  the  anthracycline  antibiotic, 
nogalamycln.   Cancer  Treat.  Rep.  63:  1971-1978,  1979. 

Wiley,  P.F.,  Elrod,  D.W.,  Houser,  D.J.,  Johnson,  J.L.,  Pschigoda,  L.M. 
Krueger,  W.C.,  and  Moscowitz,  A.:   Nogalamycin,  stereochemistry  and  chemical 
modification.   J.  Org.  Chem.  44:  4030-4038,  1979. 

Rueckert,  P.W.,  Wiley,  P.P.,  McGovern,  J. P.,  and  Marshall,  V.P.:   Mammalian 
and  microbial  cell-free  conversion  of  anthracycline  antibiotics  and  analogs. 
J.  Antibiot.  32:  141-147,  1979. 

Wiley,  P.P.:   Improved  antitumor  activity  by  modification  of  nogalamycin. 
J.  Nat.  Prod.  42:  569-582,  1979. 

Umezawa,  H. ,  Aoyagi,  A.,  Ishizuka,  M. ,  and  Takeuchi,  T.:   Protease  inhibitors 
produced  by  microorganisms.   Gann  Monogr.  Cancer  Res.  24:  159-178,  1979. 

Umezawa,  H. :   Recent  advances  in  microbial  secondary  metabolites:   Inhibitors 
of  hydrolytic  enzymes.   In  Fujii,  S.,  Moriya,  H.  and  Suzuki,  T.  (Eds.): 
Kinins  II.   Systemic  proteases  and  cellular  function.   New  York,  Plenum, 
1979,  pp.  319-340. 

Schlein,  A.,  Schurig,  J.E.,  Baca,  CD.,  Bradner,  W.T.,  and  Crooke,  S.T.: 
Pulmonary  toxicity  studies  of  bleomycin  and  tallysomycin  A  in  mice.  The 
Pharmacologist.  21:  234,  1979. 

Schurig,  J.E.,  Florczyk,  A. P.,  Hirth,  R.S.,  Bradner,  W.T.,  and  Buynishi, 
P.P.:   A  rat  model  of  bleomycin-induced  pulmonary  fibrosis.   Fed.  Proc . 
38:  522,  1979. 


273 


Martin,  G.E.,  Matson,  J. A.,  and  Weinheimer,  A.J.:   '•^C-NMR  studies  of  mar- 
ine natural  products.   II.  Total  13c-NMR  assignment  of  the  13c-NMR  spectrum 
of  asperdiol.   Tetrahedron  Lett.  24:  2194-2195,  1979. 

Bradner,  W.R.:  In  vivo  evaluation  of  analogs.  In  Carter,  S.K.  and  Crooke, 
S.T.  (Eds.):  Mitomycin  C:  Current  Status  and  New  Developments.  New  York, 
Academic  Press,  1979,  pp.  27-32. 

Bunge,  R.H.,  McCready,  D.E.,  Balta,  L.E.,  Graham,  B.D.,  French,  J.C,  and 
Dion,  H.W. :   Rapid  identification  of  known  antitumor  antibiotics  in  culture 
filtrates.   In  Underkof ler ,  L.A.  (Ed.):   Developments  in  Industrial  Micro- 
biology.  Gaithersburg,  MD,  Impressions,  Ltd.,  1979,  Vol.  20,  393-407. 

Doyle,  T.W.,  Nettleton,  D.E.,  Jr.,  Brulich,  R.E.,  Balitz,  D.M.,  Johnson, 
D.L. ,  and  Vulcano,  A.L.:   Antitumor  agents  from  bohemic  acid  complex.   IV. 
Structural  analysis  of  marcellomycin,  musettamycin,  rudolphomycin,  mimi- 
mycin,  collinemycin  and  alcindoromycin.   J.  Am.  Chem.  Soc.  101:  7041-7049, 
1979. 

Hembree,  J. A.,  Chang,  C.J.,  McLaughlin,  J.L.,  and  Cassady,  J.M.:   Milanji- 
lactones  A  and  B,  two  novel  cytotoxic  norditerpene  dilactones  from  Podocar- 
pus  milanjianus  Rendle.   Experientia.  36:  28-31,  1980. 

Fukuoka,  T.,  Muraoka,  Y.,  Fujii,  A.,  Naganawa,  H. ,  Takita,  T.,  and  Umezawa, 
H. :   Chemistry  of  bleomycin.  XXV.   Reductive  methylation  of  bleomycin,  a 
chemical  proof  for  the  presence  of  the  free  secondary  amine  in  bleomycin. 
J.  Antibiot.  33:  114-117,  1980. 

In  Press 

Koike,  K. ,  Bevelle,  C. ,  Talapatra,  S.K.,  Cordell,  G.A.,  and  Farnsworth,  N.R.: 
Potential  anticancer  agents.  V.  Cardiac  glycosides  of  Asclepias  albicans. 
Chem.  Pharm.  Bull.  Japan. 

Gunasekera,  S.P.,  Cordell,  G.A.,  and  Farnsworth,  N.R.:   Potential  anticancer 
agents.  XV.  Constituents  of  Ervatamia  heyneana.   Phy to chemistry. 

Sherman,  M. ,  Borris,  R.P.,  Cordell,  G.A.,  Ogura,  M.  and  Farnsworth,  N.R. : 
3S_,  24S_,  25-Trihydroxytirucall-7-ene  from  Ailanthus  excelsa.   Phy  to  chemistry. 

Gunasekera,  S.P.,  Cordell,  G.A. ,  and  Farnsworth,  N.R.:   Constituents  of 
Nealchornea  yapurensis  (Euphorbiaceae) .   J.  Nat.  Prod. 

Mahmoud,  I.,  Kinghorn,  A.D. ,  Cordell,  G.A.,  and  Farnsworth,  N.R.:   Potential 
anticancer  agents.  XVI.  Isolation  of  bicyclof arnesane  sesquiterpenoids  from 
Capsicodendron  dinissii.  J.  Nat.  Prod. 

Koike,  K. ,  Cordell,  G.A. ,  Farnsworth,  N.R. ,  Freer,  A.A. ,  Cilmore,  C.J.,  and 
Sime,  G.A. :   New  cytotoxic  diterpenes  from  Rondeletia  panamensis  (Rubiaceae). 
Tetrahedron. 


274 


Saleh,  A. A.,  Cordell,  G.A. ,  and  Farnsworth,  N.R.:   Potential  anticancer 
agents.  XIII.  Sesquiterpene  lactones  of  Acanthospermum  glabratum.   J.  Chem. 
See.  Perkin  Trans.  I. 

Polonsky,  J.,  Varon,  Z.,  Moretti,  C,  Pettit,  G.R.,  Herald,  C.L.,  Rideout, 
J. A.,  Saha,  S.B.,  and  Khastgir,  H.N. :   The  antineoplastic  quassinoids  of 
Simaba  cuspidata  Spruce  and  Ailanthus  grandis.   Prain.   J.  Nat.  Prod. 

Cassady,  J.M. ,  Ojima,  N. ,  Chang,  C.J.,  and  McLaughlin,  J.L.:   An  investiga- 
tion of  the  antitumor  activity  of  Micromelum  integerrimum  (Rutaceae) . 
J.  Nat.  Prod. 

Hembree,  J. A.,  Chang,  C.J.,  McLaughlin,  J.L.  ,  Peck,  G.,  and  Cassady,  J.M.: 
Potential  antitumor  agents:  A  cytotoxic  cardenolide  from  Coronilla  varia. 
J.  Nat.  Prod. 

Cassady,  J.M.,  Abramson,  D.,  Cowall,  P.,  Chang,  C.J.,  and  McLaughlin,  J.L.: 
Centaurepensin:   A  cytotoxic  constituent  of  Centaurea  solstitialis  and  C_. 
repens  (Asteraceae) .   J.  Nat.  Prod. 

Bradner,  W.T.,  Schurig,  J.E.,  Huftalen,  J.B.,  and  Doyle,  G.J.:   Evaluation 
of  antitumor  drug  side  effects  in  small  animals.   Cancer  Chemother.  Pharma- 
col. 

Nettleton,  D.E.,  Jr.,  Balitz,  D.M.,  Brown,  M. ,  Moseley,  J.E.,  and  Mylljmiaki, 
R.W.  :   Large  scale  isolation  of  maytansine  and  other  maytansinoids  from  the 
seeds  of  Maytenus  rothiana  using  preparative  LC.   J.  Nat.  Prod. 

Nettleton,  D.E.,  Jr.,  Balitz,  D.M.,  Doyle,  T.W.,  Bradner,  W.T.,  Johnson, 
D.L.,  O'Herron,  F.A.,  Schreiber,  R.H.,  Coon,  A.B.,  Moseley,  J.E.,  and 
Myllymaki,  R.W. :   Antitumor  agents  from  bohemic  acid  complex  III.   The  iso- 
lation of  marcellomycin,  musettamycin,  rudolphomycin,  mimimycin,  colline- 
mycin,  alcindoromycin  and  bohemamine.   J.  Nat.  Prod. 

Doyle,  T.W.,  Nettleton,  D.E.,  Jr.,  Balitz,  D.M. ,  Moseley,  J.E.,  Grulich, 
R.E.,  Clardy,  J.,  and  McCabe,  T. :   Antitumor  agents  from  bohemic  acid  com- 
plex. V.  Bohemamine.   J.  Org.  Chem. 

McGovren,  J. P.:  Oral  activity  on  the  anthracycline  agent,  7-Con-O-methyl- 
nogarol  (7-Omen) ,  in  P388  and  L1210  mouse  leukemias.   Cancer  Treat.  Rep. 

Patents 

Nettleton,  D.E.,  Jr.,  Doyle,  T.W.,  and  Bradner,  W.T.:   Antibiotic  compound, 
rudolphomycin.   US  Patent  #4,  162,  938.   July  31,  1979. 


275 


Staff  Publications 

Shaikh,  B.,  Zielenski,  W.L. ,  Jr.,  and  Douros,  J.D.:   Characterization  of 
methanol  extraction  residue  (MER)  from  Bacillus  Calraette-Guerin  (BCG) . 
J.  Antibiot.  32:  1011-1015,  1979. 

Douros,  J.,  Suffness,  M. ,  Chiuten,  D.,  and  Adamson,  R. :   Maytansine.   In 
Fox,  B.W.  (Ed.):   Advances  in  Medical  Oncology,  Research  and  Education. 
Basis  for  Cancer  Therapy  1.   New  York,  Pergamon  Press,  1979,  Vol.  5,  pp.  59- 
73. 

Adamson,  R.H.,  Sieber,  S.M.,  and  Douros,  J.D.:   Development  of  actinomycin 
analogs.   In  Fox,  B.W.  (Ed.):   Advances  in  Medical  Oncology,  Research  and 
Education.   Basis  for  Cancer  Therapy  1.   New  York,  Pergamon  Press,  1979, 
Bol.  5,  pp.  93-99. 

Douros,  J.,  and  Suffness,  M. :   The  National  Cancer  Institute's  natural  pro- 
ducts antineoplastic  development  program.   In  Carter,  S.K.  and  Sakurai,  Y. 
(Eds.):   Recent  Results  in  Cancer  Research.   Berlin,  Springer-Verlag,  1980, 
Vol.  70,  pp.  21-44. 


276 


ANNUAL  REPORT  OF  THE  DRUG  EVALUATION  BRANCH 

DEVELOPMENTAL  THERAPEUTICS  PROGRAM 

DIVISION  OF  CANCER  TREATMENT 


The  Drug  Evaluation  Branch  (DEB)  develops  and  coordinates  laboratory  pro- 
jects for  the  recognition,  recommendation,  and  development  of  improved  anti- 
cancer therapies.   This  is  achieved  by  (a)  screening  large  numbers  of  syn- 
thetic and  natural  products  for  biological  activities  suggestive  of  clinical 
utility;  (b)  detailed  testing  of  materials  of  interest  reported  from  other 
testing  programs  and  in  published  literature;  (c)  evaluation  of  "active" 
drugs  for  conditions  of  usage  which  optimize  efficacy  -  e.g.,  modifications 
of  treatment  route  and  schedule,  combination  chemotherapy,  and  combined 
treatment  modalities;  (d)  research  to  devise  improved  methods  for  pre-clin- 
ical  drug  evaluation;  and  (e)  developing  resources,  e.g.,  animals,  automated 
information  and  ancillary  services,  required  for  conduct  of  the  Program. 

Implementation  is  through  contracts  with  qualified  institutions.   As  of 
March  31,  1980,  DEB  directed  54  contracts  and  anticipated  contracts  in  re- 
sponse to  three  RFP ' s  with  total  funding  at  approximately  $20,551,000 
(Appendices  I  and  II).   A  summary  of  the  workscope  for  each  contract  are 
in  the  Report  of  the  Director,  DCT. 

DEB  includes  the  Office  of  the  Chief  and  three  Sections  staffed  by  twelve 
senior  professionals,  two  additional  professionals,  and  nine  technical  and 
clerical  personnel  including  one  Stride  student.   Principal  investigators 
are  listed  below. 

Office  of  the  Chief 

John  M.  Venditti,  Ph.D.,  Supervisory  Pharmacologist,  Chief 
Mary  K.  Wolpert ,  Ph.D.,  Pharmacologist 
Jacqueline  D.  Plowman,  Ph.D.,  Pharmacologist 

Automated  Information  Section 

John  F.  Waters,  Biologist,  Head 
Robert  H.  Brennan,  Computer  Programmer 

Mammalian  Genetics  and  Animal  Production  Section 

Joseph  G.  Mayo,  D.V.M. ,  Head 
Clarence  R.  Reeder,  Animal  Husbandman 

Screening  Section  (S.S.) 

Betty  J.  Abbott,  Biologist,  Head 
Mary  M.  Macdonald,  Biologist 
Ruth  I.  Geran,  Ph.D.,  Biologist 
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I.   Staff  Functions 

Staff  functions  to  (a)  determine  scientific  approaches  to  realization 
of  mission  objectives;  (b)  devise  appropriate  experimental  protocols; 
(c)  implement  Program  by  generating  project  plans,  requests  for  pro- 
posals, and  contract  summaries;  (d)  review  proposals  and  participate 
in  source  selection;  (e)  serve  as  contract  Project  Officers  to  insure 
scientific  and  technical  sufficiency  of  contractor  performance;  (f) 
assimilate,  review,  and  summarize  laboratory  testing  results;  (g)  pre- 
sent potentially  improved  therapies  against  human  cancer  to  the  Asso- 
ciate Director,  DTP,  the  DCT  Decision  Network  (DN)  Committee,  and  to 
clinical  groups;  (h)  present  major  findings  to  the  scientific  community 
through  publications  and  presentations  at  professional  meetings;  (i) 
prepare  reports  of  pre-clinical  therapeutic  efficacy  of  new  drugs  for 
inclusion  in  Investigational  New  Drug  Applications  (INDA)  and  clinical 
brochures;  ( j )  review  grant  applications  for  relevancy  to  DCT  objec- 
tives; and  (k)  advise  DCT  program  staff  on  approaches  to  realization 
of  goals. 

II .   Screening  for  Antitumor  Activity 

A.   In  Vivo  Screening 

DEB's  present  screening  procedures  (Appendix  III)  have  been  de- 
scribed previously  and  are  summarized  in  the  current  Report  of  the 
Screening  Section,  DEB. 

During  this  reporting  period  (April  1,  1979  through  March  31,  1980) 
a  total  of  21,563  materials  (15,679  synthetic  agents  and  5,884 
natural  products)  were  screened  for  the  first  time.   The  numbers 
of  tests  conducted  in  each  host-tumor  model  comprising  the  DCT  Pre- 
clinical Tumor  Panel  are  in  the  current  Report  of  the  Screening 
Section.   As  of  March  31,  1980  a  total  of  1,575  compounds  had  been 
selected  for  tumor  panel  testing,  388  during  this  period.   Of  the 
latter,  343  entered  on  the  basis  of  confirmed  activity  in  the  leu- 
kemia P388  i^  vivo  pre-screen;  25  "bypassed"  the  P388  pre-screen  on 
the  basis  of  known  biological  or  biochemical  action  or  on  the  basis 
of  rationale  for  synthesis.   Twenty  were  recommended  by  DCT  Analog 
Committees.   The  Pre-Screen  and/or  Data  Review  Subcommittees  of  the 
Drug  Evaluation  Committee  (DEC)  reviewed  screening  data  for  1,201 
materials,  referring  24  with  selected  analogs  to  the  DEC.   The  DEC 
reviewed  34  compounds  including  Subcommittee  referrals.  Analog  Com- 
mittee referrals,  and  compounds  with  data  from  non-Program  sources. 
Materials  meeting  established  criteria  for  Decision  Network  (DN) 
2A  acceptance  were  referred  to  the  Associate  Director,  DTP.   Of 
fourteen  materials  passing  DN2A  during  this  reporting  period,  ten 
were  recommended  by  the  DEC  on  the  basis  of  rn  vivo  screening  data. 
All  materials  that  passed  DN2A  during  the  current  period  and  the 
basis  for  their  selection  are  listed  in  the  current  Pv.eport  of  the 
Screening  Section,  DEB. 
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B.   Tumor  Panel  Status 

Of  the  1,575  drugs  entered  into  the  tumor  panel  as  of  March  31, 
1980,  88  were  subsequently  dropped  by  action  of  the  Decision  Net- 
work or  Operating  Committees.   Table  1  lists,  for  the  remaining 
1,487,  the  number  for  which  testing  has  been  completed  in  each 
panel  model  both  from  inception  of  the  panel  and  also  during  the 
present  reporting  period.   Materials  in  parentheses  are  additional. 
They  are  natural  products  tested  in  selected  TP  Models  on  the  basis 
of  activity  in  cell  culture,  microbial,  or  biochemical  pre-screens 
of  sufficient  interest  to  warrant  testing  a  broader  j^  vivo  spec- 
trum than  the  P388  2:11  vivo  pre-screen.   For  these,  testing  was  re- 
stricted to  conventional  models  where  there  was  no  impact  on  back- 
log.  They  were  not  included  in  computing  the  percentage  tested 
this  period  for  each  model. 

TABLE  1 

NUMBER  OF  MATERIALS  COMPLETED  IN  EACH  TUMOR  PANEL  MODEL 


Model 


Total  From 
Inception 


This  Period 
04/01/79-03/31/5 


Pet.  of  Total 
This  Period 


Conventional 


L1210 
B16 
CD8F1 
Colon  38 
Lewis  lunE 


1,163  (+100) 

1,094  (+292) 

925  (+42) 

1,088  (+77) 

1,024  (+59) 


233  (+7) 

254  (+25) 

285  (+9) 

354  (+16) 

359  (+11) 


19 
24 
31 
33 
35 


SC  Xenografts  (Discontinued,  Early  1980) 


MX-1 
CX-1 
LX-1 


216 
202 
215 


183 
180 
189 


85 
89 


Subrenal  Capsule  Xenografts  (Routine  Since  Early  1980) 


MX-1 
CX-1 
LX-1 


439 
439 
496 


342 
367 
389 


78 
84 
78 


The  numbers  of  materials  for  which  the  supply  was  insufficient  to 
complete  testing  ranged  from  266  to  393  depending  on  the  model. 
Considering  that  it  is  cost  efficient  to  maintain  a  reasonable 
backlog  of  materials  in  each  screening  laboratory,  testing  against 
conventional  mouse  tumor  models  has  progressed  at  a  rate  consistent 
with  the  numbers  of  materials  judged  worthy  of  panel  testing  for 
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which  supply  has  been  available.   That  the  rate  of  testing  in  con- 
ventional models  has  not  reached  the  500  or  more  materials  per 
year  level  was  not  a  consequence  of  low  output  of  confirmed  active 
materials  from  the  P388  pre-screen.   The  principal  factors  in- 
fluencing the  input  to  the  panel  have  been  the  qualitative  input 
to  the  pre-screen  and  delays  in  obtaining  the  relatively  large 
amounts  of  a  material  required  for  panel  testing.   In  soliciting 
new  structures  for  screening  (input  to  the  pre-screen)  it  is  usual 
practice  to  accrue  a  number  of  compounds  of  a  structural  type.   If 
the  structural  type  represents  an  active  series,  there  is  a  ten- 
dency for  many  individual  compounds  to  display  confirmed  activity 
in  the  pre-screen  and  only  the  more  active  are  scheduled  for  panel 
testing.   The  practice  of  soliciting  numerous  examples  of  a  novel 
material  is  desirable  to  permit  assessing  the  potential  antitumor 
activity  that  might  be  inherent  to  the  structural  type.   However, 
if  all  minimally  active  (pre-screen)  members  of  an  active  type 
were  accorded  full  panel  testing,  the  panel  might  be  overloaded 
with  "analogs".   The  output  from  the  pre-screen  also  contains  a 
substantial  number  of  analogs  of  known  anticancer  drugs.   These  are 
generally  referred  to  appropriate  DCT  Analog  Committees  and  re- 
latively few  compel  sufficient  interest  to  result  in  a  recommenda- 
tion for  panel  testing.   A  survey  of  DTP  sources  of  material  ac- 
quisition during  the  past  year  (DS&CB,  NPB,  PRB)  indicated  that, 
realistically,  we  can  expect  to  receive  only  about  260  compounds  a 
year  in  sufficient  amount  to  complete  panel  testing  if  the  P388 
pre-screen  depletes  the  initial  supply.   Of  the  last  500  NSC 
numbers  assigned  to  the  tumor  panel  (approximately  the  last  third 
of  the  total  number  assigned) ,  288  or  46%  were  not  available  to 
complete  testing.   Of  the  first  500  NSC  numbers  entered  into  the 
panel,  approximately  10%  are  still  not  available  in  sufficient 
quantity  to  complete  testing;  a  conservative  estimate  since  the 
first  1/3  of  the  materials  entering  the  panel  included  many  es- 
tablished drugs  for  which  supply  was  not  a  problem. 

Considering  the  impact  of  the  "quantity  not  sufficient"  (QNS)  sit- 
uation, the  finding  that  19%  (L1210)  to  35%  (LL)  of  the  number  of 
materials  tested  in  mouse  tumor  models  was  conducted  during  the 
last  year  indicated  that,  for  these  models,  the  testing  rate  is 
very  close  to  the  input  rate.   The  situation  with  human  tumor  xeno- 
graft models  is  quite  different.   Until  recently,  human  tumors  were 
implanted  subcutaneously  (SC)  and  evaluation  of  drug  responsiveness 
required  one  to  two  months  of  effort.   This  effort  plus  the  need 
to  maintain  large  numbers  of  athymic  mice  for  long  periods  hampered 
our  ability  to  test  materials  at  projected  rates.   The  SC  xeno- 
graft models  were  used  routinely  up  to  early  1980  and  relatively 
few  materials  had  been  evaluated  in  each  of  the  three  models 
(Table  1).   Sendai  virus  infections  (pathogenic  in  athymic  mice, 
but  not  in  conventional  mice)  had  seriously  impaired  animal  pro- 
duction.  Previous  to  the  current  reporting  period,  the  supply  of 
healthy  athymic  mice  was  the  principal  factor  limiting  the  rate  of 
xenograft  testing.   During  the  last  year,  the  Mammalian  Genetics 
and  Animal  Production  Section  (MG&APS)  ,  DEB  solved  problems  which 
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limited  athymic  mouse  supply  and  there  was  a  sharp  increase  in 
the  level  of  xenograft  testing.   Consequently,  of  the  total  number 
of  materials  tested  against  SC  xenografts,  85-89%  (depending  on 
the  tumor  type)  were  completed  during  this  reporting  period. 
Nevertheless,  it  would  have  been  unrealistic  to  expect  to  rapidly 
reduce  the  backlog  for  xenograft  testing  if  we  continued  to  use 
the  SC  implanted  tumor  models. 

Concomitantly,  the  Mason  Research  Institute  (5-7030)  developed  the 
subrenal  capsule  (SRC)  model  as  a  rapid  screen  against  human  tumor 
xenografts.   In  the  SRC  models,  preselected  1-mm-'  fragments  of 
tumor  tissue  are  implanted  under  the  renal  capsule  of  athymic  mice, 
a  site  ideal  for  delivery  of  nutrients  and  drug.   The  tumor  is 
easily  visualized  2:11  situ  and  its  size  is  measured  across  two  dia- 
meters by  using  a  stereoscopic  microscope  fitted  with  a  calibrated 
micrometer.   Using  the  SRC  models,  drug  effectiveness  can  be 
determined  in  a  matter  of  days.   A  decision  to  use  the  more  ef- 
ficient SRC  models  on  a  routine  basis  in  the  tumor  panel  was  based 
on  studies  of  the  validity  (reproducibility)  of  the  model  and  the 
extent  to  which  results  correlated  with  results  using  the  SC  im- 
plant site.   A  comparison  of  the  MX-1,  CX-1,  and  LX-1  human  tumors 
implanted  subcutantously  and  under  the  renal  capsule  with  respect 
to  responsiveness  to  112  drugs  (Table  2)  showed  that  (a)  the  SRC 
models  were  generally  more  sensitive  than  the  SC  models,  (b)  there 
is  a  high  degree  of  correlation  between  the  tumor  sites  with  respect 
to  drug  responses ,  and  (c)  the  number  of  materials  found  active 
against  the  SC  tumors,  but  inactive  against  the  SRC  tumors  was  very 
small. 

TABLE  2 

RESULTS  OF  112  COMPOUND  CORRELATION  STUDY 


Mammary  Xenograft,  MX-1 

SRC  SC  Number  Pet, 


++                -H-                 12/112  11 

73/112  65 

++                -                 25/112  22 

++                 2/112  2 

Lung  Xenograft,  LX-1 

SRC                SC                 Number  Pet. 


1/112  1 

100/112  89 

10/112  9 

1/112  1 
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TABLE  2,  CONTINUED 
RESULTS  OF  112  COMPOUND  CORRELATION  STUDY 


Colon  Xenograft,  CX-1 

SRC  SC  Number  Pet. 


0/112  0 

105/112  94 

7/112  6 

0/112  0 


In  early  1980,  the  SRC  method  replaced  the  SC  method  for  the  rou- 
tine testing  of  materials  against  human  tumor  xenografts  in  the 
DCT  Tumor  Panel.   It  is  noteworthy  that  the  total  number  of  ma- 
terials tested  against  SRC  models  since  the  inception  of  the  panel 
is  about  twice  the  number  tested  against  the  SC  models  and  that 
78-84%  of  this  testing  occurred  during  the  current  reporting 
period. 

C.   In  Vitro  Screening 

Three  contractors  (Appendix  I)  provide  the  capacity  to  test  ma- 
terials against  KB  (human)  as  well  as  P388  and  L1210  (murine) 
tumor  cells  in  culture.   This  testing  is  devoted  almost  entirely 
to  screening  of. crude  natural  product  extracts  and  the  bioassay  of 
fractions  to  isolate  the  active  substance;  the  Natural  Products 
Branch  (NPB)  is  dependent  on  these  tests  for  rapid  turn  around 
time  in  providing  information  essential  for  fractionation  projects. 
We  have,  in  collaboration  with  NPB,  taken  steps  to  improve  the 
cost  efficiency  of  this  activity.   During  the  next  year,  only 
those  materials  showing  2:11  vivo  activity  in  the  P388  pre-screen 
will  be  tested  ^^n  vitro  to  identify  a  cell  culture  model  suitable 
for  bioassay.   To  widen  the  j^  vitro  models  available  for  bioassay 
of  active  fractions  and  to  enrich  the  potentially  active  natural 
products  entering  the  Ija  vivo  pre-screen,  we  plan  to  initiate 
three  new  ±n   vitro  pre-screens  in  our  cell  culture  testing  labora- 
tories to  supplement  the  _in  vitro  pre-screens  sponsored  by  the  NPB 
itself.   Final  selection  of  these  rapid  and  inexpensive  cell  cul- 
ture pre-screens  will  be  made  before  the  end  of  this  fiscal  year. 
There  is  ample  evidence  showing  that  the  judicious  use  of  pre- 
screens  narrows  the  universe  of  materials  requiring  broad  spectrum 
testing.   For  example,  the  appropriate  use  of  cell  culture,  micro- 
bial, and  biochemical  assays  to  select  fermentation  products  for 
antitumor  testing  is  very  likely  the  main  reason  for  the  rela- 
tively high  yield  of  effective  antibiotics  from  in  vivo  screens. 
It  is  not  necessary  to  impart  any  specific  correlative  activity  to 
explain  the  success  of  in  vitro  pre-screens.   If  they  but  eliminate 
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materials  devoid  of  biochemical  action  or  those  which  do  not  cross 
or  adhere  to  biological  membranes,  the  number  of  materials  which 
require  ±n   vivo  testing  is  reduced  substantially. 

DEB  is  planning  a  project  (RFP  07327)  to  adapt  and  use  the  human 
tumor  stem  cell  assay,  as  described  by  S.  Salmon  and  A.  Hamburger, 
for  drug  screening.   An  impressive  number  of  human  tumor  stem  cell 
colonies  have  been  established  from  various  human  neoplasms.   The 
objective  of  the  impending  project  is  to  test  upwards  of  1,000  ma- 
terials per  year  -  approximately  2/3  will  be  inactive  and  1/3  ac- 
tive in  the  P388  in  vivo  pre-screen  -  against  ten  cell  lines,  no 
more  than  four  of  the  same  type.   Activity  against  one  cell  will 
impel  testing  against  additional  cultures  of  the  same  cell  type 
and  testing  against  the  ixt^   vivo  tumor  panel  as  well.   The  study  is 
expected  to  provide  useful  information  to  assess  the  utility  of 
human  tumor  cell  cultures  for  screening  and  for  specific  disease 
oriented  drug  development.   We  wish  to  emphasize  the  lack  of 
practical  experience  in  translating  basic  studies  of  the  use  of 
human  tumor  stem  cells  for  detailed  drug  evaluation  to  relatively 
large-scale  and  routinized  screening;  the  main  immediate  problems 
are  technical  in  nature.   We  will  not  be  able  to  confirm  results 
using  a  specific  human  cell  line  unless  we  can  freeze  the  cells 
and  regenerate  them  in  culture;  successive  transfers  in  culture 
may  be  unsuccessful  or  may  alter  the  growth  characteristics  of  the 
cell  population.   Successful  cell  growth  appears  to  require  growth 
in  conditioned  soft  agar  which  may  hamper  the  diffusion  of  rela- 
tively insoluble  materials.   Nevertheless,  the  models  are  worth 
exploring,  and  if  successful,  will  markedly  increase  the  cost  and 
time  efficiency  of  screening.   We  plan  to  approach  the  question  of 
drug  response  correlations  between  tumor  cells  in  culture  and  in 
animals  by  "parallel"  testing  against  animal  tumors  ±n_   vivo  and  in 
vitro. 

It  is  anticipated  that  all  in  vitro  testing  against  human  tumor 
stem  cells  will  be  done  against  cultures  of  fresh  surgical  ex- 
plants  and  that  we  can  expect  sufficient  tissue  from  each  explant 
to  test  five  materials.   Therefore,  we  will  need  to  obtain  tumor 
tissue  from  approximately  2,000  patients  each  year.   DEB  plans  to 
establish  a  Section  for  ^^n  vitro  screening  during  FY  80  or  early  81. 

Ill .   Detailed  Drug  Evaluation  and  Model  Development 

A.   Introduction 

DEB  manages  multifaceted  projects  designed  to  provide  maximal  flex- 
ibility for  rapid  conduct  of  Program-directed  exploratory,  develop- 
mental, and  applied  studies  pertinent  to  all  pre-clinical  therapy 
related  tasks.   Tasks  are  designed  to  (1)  apply  fundamental  bio- 
logical principles  to  the  development  of  new  and  improved  labora- 
tory models  as  tools  for  the  discovery  of  more  effective  anticancer 
therapies;  (2)  evaluate,  in  detail,  drugs  in  development  to  NCI 
sponsored  clinical  trial;  (3)  conduct  non-routine  studies  in  re- 
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sponse  to  DCT  Program  needs;  (4)  determine  host-tumor  histocom- 
patibility in  appropriate  inbred  and  hybrid  hosts;  (5)  describe 
biological  growth  characteristics  including  qualitative  and  quan- 
titative aspects  of  metastases;  (6)  describe  kinetics  of  growth 
of  primary  tumors  and  metastases;  (7)  determine,  quantitatively, 
responses  to  treatment  with  clinically  effective  and  ineffective 
drugs;  (8)  define  the  operational  characteristics  of  the  host-tumor 
system  when  used  as  a  screen;  (9)  determine  test-to-test  repro- 
ducibility and  variability;  (10)  recommend  new  host-tumor  systems 
as  models  for  (a)  initial  screening,  (b)  secondary  or  panel 
screening,  (c)  specialized  screening  including  comparative  testing 
of  "analogs",  (d)  detailed  drug  evaluation  including  treatment 
route  and  schedule  dependency,  combination  chemotherapy,  and/or 
evaluation  of  combined  treatment  modalities;  (11)  provide  thera- 
peutic trial  data  relative  to  clinical  predictive  value  compared 
with  or  contrasted  to  existing  screens;  (12)  provide  precise  and 
detailed  laboratory  protocols  for  screening  including  parameters 
and  criteria  for  activity;  (13)  provide  estimated  costs  per  test 
should  the  model(s)  be  utilized  (in  other  laboratories)  for  general 
or  specialized  screening;  (14)  consult  with  other  DCT  contractors 
who  may  be  asked  to  use  the  model(s) ;  (15)  develop  preliminary  in- 
formation on  the  mechanism  of  action  of  new  agents  under  develop- 
ment; and  (16)  elucidate  biological,  biochemical,  and  pharmaco- 
logical factors  which  determine  success  or  failure  of  treatment. 

In  order  to  maintain  a  vigorous  and  progressive  drug  development 
program,  we  have  supported  in,  vivo  model  development  projects. 
Although  considerable  development  work  has  been  supported  by  NCI 
through  the  investigator  initiated  grant  mechanism,  few  investi- 
gators tailor  their  studies  to  the  special  problems  associated 
with  large-scale  drug  screening.   For  example,  few  grant  supported 
researchers  develop  a  drug  testing  protocol  or  fully  characterize 
systems  so  that  evaluation  criteria  and  control  limits  can  be 
established.   Because  of  our  past  support  of  developmental  studies 
at  the  Southern  Research  Institute  (9-7309) ,  the  Mason  Research  In- 
stitute (5-7030) ,  the  Stehlin  Foundation  for  Cancer  Research 
(6-7073),  and  the  Catholic  Medical  Center  of  Brooklyn  and  Queens, 
Inc.  (6-7081),  we  were  able  to  respond  to  the  Program  change  to 
initiate  tumor  panel  testing  emphasizing  "solid"  tumor  models. 
This  area  has  experienced  the  most  severe  cutbacks  over  the  last 
several  years  as  we  have  encouraged  the  investigators  to  seek 
grant  support.   We  should  keep  in  mind  that  these  tasks  are  respon- 
sible for  the  development  of  the  M5076  ovarian  tumor;  the  MXT 
hormone  responsive  tumor;  the  breast,  colon,  and  lung  xenograft 
models;  Colon  38  tumor,  etc.   Studies  lead  to  the  development  of 
new  host-tumor  systems,  to  be  sure,  but  are  also  directed  to  the 
very  important  question  of  how  best  to  use  them. 

B.   Significant  Findings 

1.   Arthur  D.  Little,  Inc.  (ADL  5-3765;  RFP  07302) 
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Arthur  D.  Little,  Inc.  investigated  drugs  and  other  treatment 
modalities  in  a  variety  of  animal  tumor  models.   The  workscope 
was  divided  into  three  main  areas:   (1)  analog  comparison 
studies  and  detailed  evaluation  of  drugs  (50%  of  effort)  ;  (2) 
combination  chemotherapy  studies  (30%  of  effort)  ;  and  (3)  com- 
bined modality  studies  involving  combinations  of  drugs  and 
radiation  (20%  of  effort) .   The  analog  comparison  program  was 
developed  to  provide  NCI  and  suppliers  with  a  resource  for 
rapid  and  well  controlled  comparative  testing  of  analogs  of 
compounds  in  the  clinic  and  in  development.   Analogs  were 
tested  in  direct  comparison  with  a  reference  material,  or 
parent  compound,  according  to  a  protocol  developed  specifically 
for  that  class  of  agents.   Emphasis  was  placed  on  the  analog 
classes  being  followed  by  the  DCT  Analog  Committees.   These 
include  Nucleosides,  Nitrosoureas,  Alkylating  agents,  Anthra- 
cyclines,  Metal  coordinating  compounds,  Antifols,  Actinomy- 
cins,  Bleomycins,  and  Mitotic  inhibitors.   During  the  past 
year  the  contractor  received  655  analogs  representing  about 
25  chemical  classes,  and  found  220  to  be  "active".   Analogs 
of  special  interest  included  NSC-303565,  an  Ellipticine  analog 
which  was  shown  to  be  markedly  superior  to  Ellipticine 
(NSC-71795)  against  B16  melanoma;  and  NSC-127755,  a  Dihydro- 
triazine  derivative,  found  to  be  active  against  a  number  of 
murine  tumors  in  contrast  to  Baker's  Antifol  (NSC-139105) ,  a 
Triazine  derivative  in  clinical  trial.   A  P388  subline  re- 
sistant to  AMSA  was  established  and  its  patterns  of  cross- 
resistance  to  other  DNA  intercalators  were  examined.   The  new 
line  was  cross-resistant  with  several  Acridines,  but  not  to 
all  intercalators;  e.g.,  cis-Platinum.   P388  lines  resistant 
to  both  DON' (NSC-7365)  and  AT-125  (NSC-163501)  were  established 
to  study  patterns  of  resistance  and  cross-resistance  among 
glutamine  antagonists.   Comparisons  of  bulk  versus  clinical 
formulations  were  performed  on  the  following  agents  as  part  of 
the  pre-IND  (Investigational  New  Drug)  studies:   NSC-219733 
(Diacridine  derivative) ,  NSC-172112  (Spirohydantoin  mustard) , 
NSC-125973  (Taxol) ,  and  NSC-127755  (Dihydrotriazine  derivative). 

Approximately  80  drug  combinations  were  studied.   Misonidazole 
(NSC-261037) ,  a  radiosensitizer  currently  undergoing  clinical 
trial,  was  synergistic  with  either  Cytoxan  or  Melphalan  in 
the  treatment  of  advanced  M5076  ovarian  and  advanced  Lewis 
lung  tumors.   MeCCNU  and  Misonidazole  also  were  synergistic 
against  the  M5076  tumor,  but  cis-Platinum  and  Misonidazole  were 
not.   Pyrazofurin  reversed  the  toxicity  of  5-FU  to  normal 
animals  and  reversed  the  activity  of  5-FU  against  IP  P388  leu- 
kemia, but  not  against  SC  Colon  38.   Further  studies  are  in 
progress  on  this  apparent  selective  reversal  of  toxicity,  but 
not  activity  under  certain  conditions.   Other  synergistic  com- 
binations included  VP16  and  cis-Platinum  against  the  IP  P388 
leukemia  and  IP  B16  melanoma  and  Methotrexate  and  Mitomycin  C 
against  the  IP  P388  leukemia. 
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The  relative  effectiveness  of  two  radiosensitizing  agents, 
Misonidazole  (NSC- 261037,  MIS)  and  one  of  its  major  metabolites 
Desmethylmisonidazole  (NSC-261036,  DMM)  were  compared  and  re- 
lated to  drug  pharmacokinetics.   Sensitizer  enhancement  ratios 
(SER's)  were  calculated  from  plots  of  radiation  dose  versus  re- 
growth  delay  of  established  B16  with  or  without  radiosensitizer 
pretreatment.   The  SER's  for  MIS  and  DMM  at  l,000mg/kg  IP  were 
1.8  and  1.7,  respectively.   A  similar  degree  of  sensitization 
was  achieved  at  the  maximally  tolerated  dose  of  MIS 
(l,000mg/kg) ,  but  at  less  than  the  maximally  tolerated  dose  of 
DMM  (2,500mg/kg).   Orally,  DMM  and  MIS,  at  the  highest  non- 
toxic doses  had  SER's  of  2.3  and  1.5,  respectively.   Plasma 
half-lives  were  0.68  hr.  for  IP  DMM  and  1.87  hr.  for  IP  MIS. 
Oral  administration  of  DMM  and  MIS  increased  plasma  half-lives 
to  1.73  and  1.98  hours,  respectively.   Thus,  DMM  appeared 
superior  to  MIS  after  oral  administration.   In  addition,  the 
finding  that  DMM  produces  similar  or  superior  radiosensitiza- 
tion  at  doses  resulting  in  less  exposure  of  the  animal  to  drug 
suggests  a  possible  therapeutic  benefit  in  the  clinical  use  of 
DMM.   New  types  of  potential  hypoxic  cell  radiosensitizers 
which  are  not  Nitroimidazoles  also  were  examined.   MTDQ ,  a 
radiosensitizer  used  in  Hungary,  and  a  copper  containing 
porphyrin  were  found  to  be  inferior  to  MIS  in  radiosensitizing 
properties.   The  rationale  in  support  of  the  latter  testing 
was  that  Hematoporphyrin  was  known  to  localize  in  solid  tumors 
and  copper  is  more  electron  affinic  than  oxygen.   This  contract 
will  expire  during  FY  1980  and  will  be  recompeted. 

Arthur  D.  Little,  Inc.  (8-7186) 

Arthur  D.  Little,  Inc.  developed  a  series  of  cell  culture  and 
biochemical  protocols  by  which  a  biochemical  profile  on  a  new 
agent  can  be  described  rapidly.   Analogs  are  compared  to  their 
parent  compounds  to  determine  whether  significant  differences 
in  behavior  can  be  detected  at  the  molecular  level.   Studies 
with  the  maleate  salt  of  1 ,4-bis(2-chloroethyl)-l,4-diazonia- 
bicyclo  [2.  2.  1]  heptane,  NSC-262666,  were  directed  toward  deter- 
mining whether  the  compound  functions  as  an  alkylating  agent. 
The  positive  reaction  of  NSC-262666  in  the  4-nitrobenzyl 
pyridine  assay  conducted  at  100°C  was  confirmed.   The  reaction 
was  relatively  weak  compared  to  that  of  Nitrogen  mustard 
(NSC-762)  and  Piperazine  mustard  (NSC-24891) ^  but  was  similar 
to  that  obtained  with  other  known  alkylating  agents.   Experi- 
ments utilizing  the  DNA  alkaline  elution  assay  also  showed 
that  NSC-262666  acts  as  an  alkylating  agent  causing  cross- 
linking  in  DNA,  but  again  the  compound  was  not  as  effective 
as  NSC-762.   Two  new  antifols  (NSC-127755,  a  Triazine  deriva- 
tive, and  NSC-249008,  a  Quinazoline  derivative)  are  currently 
in  pre-clinical  development  by  DCT.   Cell  kill  kinetics  (con- 
centration X  time)  studies  of  Methotrexate  (MTX,  NSC-740)  , 
NSC-127755  and  NSC-249008  using  P388  cells  revealed  similar 
patterns  of  cell  kill  with  strong  dependence  of  cytotoxicity 
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on  time  of  exposure.   However,  the  use  of  dialyzed  serum  in 
the  cytotoxicity  assay  enhanced  cell  killing  by  MTX  and 
NSC-127755,  but  not  by  NSC-2A9008.   This  suggests  that  reduced 
folate  cofactors  or  Nucleosides  in  the  serum  can  partially 
reverse  the  effects  of  the  two  former  antifols.   These  observa- 
tions are  being  explored  further.   As  expected,  studies  on  the 
incorporation  of  labeled  precursors  into  macromolecules  in 
P388  cells  ±n   vitro  revealed  that  all  three  antifols  were  po- 
tent inhibitors  of  Deoxyuridine  incorporation =   However, 
NSC-127755  and  NSC-249008  also  inhibited  Thymidine  and  Uridine 
incorporation  whereas  MTX  had  no  significant  effect  on  the  in- 
corporation of  these  precursors.   Comparison  studies  with 
Ellipticine,  NSC-71795,  and  a  new  Azaellipticine  derivative, 
NSC-303565,  showed  that  both  compounds  inhibited  incorporation 
of  Thymidine  and  Uridine,  but  NSC-303565  was  ten-fold  more  po- 
tent than  Ellipticine.   The  DNA  alkaline  elution  assay  re- 
vealed that  NSC-303565  was  an  extremely  effective  inducer  of 
protein-associated  single  strand  breaks  as  evidenced  by  rapid 
elution  of  DNA  following  proteinase-K  treatment,  and  was  much 
more  active  than  Ellipticine.   These  results  suggest  that 
NSC-303565  may  interact  with  DNA  somewhat  differently  than 
Ellipticine.   During  the  coming  year,  the  basic  biological 
characteristics  of  a  number  of  natural  products  in  pre-clin- 
ical  development  will  be  explored  in  addition  to  the  continued 
characterization  of  the  drugs  under  current  investigation. 
Since  all  other  DTP  biochemical  pharmacology  contracts  have 
been  phased  out,  this  effort  provides  our  only  opportunity  for 
Program  directed  studies  to  elucidate  biochemical  sites  of 
action  directly. 

The  Southern  Research  Institute  (9-7309) 

The  Southern  Research  Institute  (SRI)  is  devoting  considerable 
effort  to  all  of  the  tasks  described  in  the  narrative  of  this 
Section,  although  information  on  mechanism  of  action  is  obtain- 
ed indirectly  from  studies  of  cross-resistance.   This  contractor 
meets  high  standards  for  reliability  and  has  gained  an  inter- 
national reputation  for  studies  involving  the  biology  of 
animal  tumors  and  pre-clinical  drug  evaluation.   Much  of  the 
effort  has  been  devoted  to  translating  many  of  the  tumor  panel 
models  into  systems  suitable  for  mass  screening.   Additionally, 
SRI  has  developed  a  number  of  transplantable  murine  colon  and 
breast  tumors  which  differ  with  respect  to  metastatic  poten- 
tial, growth  rate,  and  drug  responsiveness;  and  has  character- 
ized the  M5076  mouse  ovarian  tumor  and  a  number  of  drug  re- 
sistant variants  of  P388  and  L1210  leukemias .   Recently,  the 
antitumor  activity  of  mouse  fibroblast  Interferon  (IF)  against 
P388  was  demonstrated  and  two  osteogenic  sarcomas,  potentially 
sensitive  to  IF  are  being  developed.   The  accomplishments  of 
this  multifaceted  project  are  too  numerous  to  detail  in  this 
Report  and  are  given  in  their  comprehensive  Annual  Report  of 
April  1,  1980.   The  following  is  a  selected  list  of  projects 
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completed  and  ongoing  during  this  reporting  period. 

a.  Primary  screening  In  vivo. 

b.  Studies  of  tumor  growth  kinetics. 

c.  Therapeutic  synergism  of  6-Thioguanine  and  selected  alkyla- 
ting agents  against  advanced  L1210  leukemia. 

d.  Antileukemic   activity   of   2-chloro-2'-deoxyadenosine. 

e.  Studies  on  immunotherapy  of  L1210  leukemia  with  lymphokines 
used  in  combination  with  MeCCNU  treatment. 

f.  Comparative  therapeutic  activity  of  two  samples  of  mouse 
fibroblast  Interferon  against  leukemia  P388. 

g.  Concepts  for  controlling  drug  resistant  tumor  cells. 

h.   Drug  resistance  studies  in  L1210  and  P388  leukemias. 

i.   Comparison  of  the  relative  sensitivities  of  cultured  P388 
cells  resistant  to  1-3-D-Arabinof uranosylcytosine  (P388/ 
AraC)  and  AraC  sensitive  (P388/0)  cell  populations  to  N- 
(phosphonacetyl)-L-aspartic  acid  (PALA) ,  5-Fluorouracil 
(5-FU) ,  3-Deazauridine ,  and  Pyrazofurin. 

j.   Comparative  antitumor  activity  of  presumptive  antifols  - 
compounds  that  bind  tightly  to  Dihydrof olate  Reductase 
of  inhibit  Thymidylate  Synthetase. 

k.   Variable  responses  of  advanced  solid  tumors  of  mice  to 
treatment  with  anticancer  drugs. 

1.   Analysis  of  screening  experience  with  human  tumor  xeno- 
grafts in  nude,  athymic  mice. 

m.   Comparison  of  subcutaneous  and  subrenal  capsule  assays  of 
MX-1,  LX-1,  and  CX-1  xenografts. 

n.   Biological  characteristics  and  response  to  chemotherapy  of 
a  mouse  ovarian  carcinoma  (M5076). 

o.   Biology  and  treatment  of  nine  transplantable  mouse  colon 
tumors. 

p.   Comparison  of  therapeutic  activity  of  Adriamycin  analogs 
against  transplantable  mouse  colon  and  mammary  tumors. 

q.   Single  agent  and  combination  treatment  of  transplantable 
mammary  adenocarcinomas  and  a  hormone-dependent  mammary 
ductal  carcinoma. 


r.   Radiation,  chemotherapy,  and  surgical  treatment  of  a 
metastatic  mammary  adenocarcinoma  (16/C). 

s.   Influence  of  particle  size  of  CCNU  on  therapeutic  efficacy. 

t.   Development  of  a  new  single  treatment  protocol  for  CD8F1 
screening. 

u.   Development  of  toxicity  data:   the  LDIO  summary  and  other 
compilations  of  data  obtained  from  toxicity  testing  of 
anticancer  drugs  in  small  experimental  animals. 

V.   Development  of  computer  program  for  estimating  cell  kill 
for  exponentially  growing  tumor  cell  populations  treated 
with  known  or  potentially  active  anticancer  drugs.   This 
task  represents  an  approach  to  attainment  of  one  of  DEB's 
highest  priority  objectives;  i.e.,  expression  of  efficacy 
using  tumor  cell  kill  as  a  parameter  for  all  tumor  panel 
models  and  translation  of  survival  and  tumor  size  data  to 
tumor  cell  kill. 

Mason  Research  Institute  (5-3765;  RFP  07325) 

This  contract  is  currently  undergoing  recompetition.   It  pro- 
vides information  on  the  biology  and  drug  responsiveness  of 
human  tumor  xenografts  and  other  models  of  a  more  specialized 
nature.    The  development  of  the  subrenal-  capsule  method  for 
xenograft  testing  was  discussed  earlier  in  this  Report.   Other 
important  studies  related  to  the  problem  of  tumor  heterogeneity 
as  it  might  affect  screening  results;  particularly  when  one  is 
using  the  first  transplant  generation  from  the  spontaneous 
tumor,  as  with  the  CD8F1  mouse  mammary  tumor  used  in  the  DCT 
Tumor  Panel.   The  lower  test  completion  rate  for  CD8F1  rela- 
tive to  other  mouse  tumors  (Table  1)  stems  from  the  need  to 
repeat  tests  at  a  higher  rate  to  determine  drug  effectiveness. 
The  rationale  for  using  the  first  transplant  generation  for 
drug  testing  is  based  on  the  assumptions  that  spontaneous 
animal  tumors  will  predict  better  than  transplantable  animal 
tumors  -  we  hope  to  provide  information  on  this  point  by  using 
the  model  -  and  that  first  generation  transplants,  while  not 
importantly  different  from  the  parent  spontaneous  tumor,  do 
permit  experimental  disease  staging.   It  has  been  our  ex- 
perience that  results  using  the  CD8F1  model  are  reproduced 
with  difficulty  compared  to  long  transplanted  models.   A  study 
involving  a  number  of  screening  laboratories,  indicated  that 
intralaboratory  and  interlaboratory  variations  in  control  tumor 
growth  and  drug  responses  were  not  attributable  to  non- 
adherence  to  protocol,  but  rather,  were  a  consequence  of 
variables  intrinsic  to  the  model.   Experiments  at  the  Mason 
Research  Institute  seem  to  accredit  this  conclusion  (Tables  3 
and  A) .   Inocula  prepared  from  individual  spontaneous  mammary 
tumors  were  each  divided  into  two  aliquots;  one  aliquot  was 
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implanted  directly  into  CD8F1  mice  and  the  other  was  combined 
with  other  tumors  in  equal  amounts  to  form  a  pooled  brei. 
Tables  3  and  4  summarize  tumor  growth  rate  and  drug  respon- 
siveness of  recipients  of  each  of  four  spontaneous  tumors 
(TDl  -  TD4)  and  the  pooled  brei. 

TABLE  3 

GROWTH  OF  FIRST  GENERATION  TRANSPLANTS 


Donor  Number 


(Days  for  Tumor  to  Reach  Specified  Weight) 
___  lOQmg.  l.Ogm. 


TDl 
TD2 
TD3 
TD4 
Pooled 


14 
10 
18 
25 
12 


22 
15 
26 
33 
19 


TABLE  4 
CHEMOTHERAPEUTIC  RESPONSES 


Donor  Number 


MTX 


Treatment  of  Recipients 
5-FU         CTX 


VCR 


TDl 
TD2 
TD3 

TD4 
Pooled 


+ 


I  I  I  I 

+  0 


0  (T/C  >10%),  +  (T/C  =  3  -  10%),  ++  (T/C  22%) 
vivors)  ,  I  I  I  I  (>50%  tumor  free  survivors)  . 


+++  (20-50%  tumor  free  sur- 


Methotrexate  (MTX)  was  ineffective  against  each  of  the  first 
generation  transplants  and  also  against  the  tumor  resulting 
from  pooling  the  cells.   The  ineffectiveness  of  MTX  against 
first  generation  transplants  of  CD8F1  had  been  determined  in 
routine  screening  using  the  standard  T/C  benchmark  end-points 
based  on  mean  tumor  weight.   Previous  results  using  the 
standard  parameters  and  criterias  indicated  that  Vincristine 
(VCR)  efficacy  against  CD8F1  was  equivocal,  but  that  both 
Cyclophosphamide  (CTX)  and  5-Fluorouracil  (5-FU)  met  criteria 
indicating  an  important  degree  of  selectivity.   Examination 
of  results  of  individual  screening  tests  showed  that  these 
evaluations  were  based  on  the  degree  of  efficacy  in  the 
majority  of  replicate  tests  and,  in  the  case  of  5-FU,  sub- 
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stantlal  tumor  weight  inhibition  was  achieved  at  dosages  that 
elicited  considerable  host  body  weight  loss.   MRI ' s  studies 
suggested  that  CTX  and  VCR  were  sufficiently  effective  against 
a  sufficient  number  of  tumors  to  permit  the  use  of  cure  rate 
(tumor  free  survivors)  as  a  parameter  of  response.   Extension 
of  these  studies  to  a  series  of  eight  donor-recipient  pairs 
showed  that  the  drugs  could  be  ranked  according  to  the  number 
of  donor  tumors  that  experienced  a  50%  cure  rate  when  treated 
as  first  generation  transplants  (Table  5). 

TABLE  5 

CURE  RATE  AS  A  PARAMETER  OF  RESPONSE 


Number  of  Donor  Tumors  Displaying  a  50%  Cure 
Drug Rate  as  First  Generation  Transplants 

CTX  5/8 

VCR  4/8 

5-FU  1/8 

MIX  0/8 


5.  Institute  of  Cancer  Research,  England   (4-3736) 

The  Institute  of  Cancer  Research,  England  carried  out  tasks  re- 
lated to  the  design  and  screening  of  new  agents,  such  as 
analogs  of  Pentamethylmelamine;  the  acquisition  of  compounds 
from  the  United  Kingdom;  correlation  studies  of  drug  activities 
against  tumors  in  patients  versus  the  response  of  the  same 
tumors  implanted  in  nude  mice;  and  early  clinical  trials  of 
new  agents,  such  as  Deoxycoformycin.   This  cost-sharing  con- 
tract allows  for  the  active  collaboration  of  NCI  with  Great 
Britain's  foremost  institution  for  cancer  chemo therapeutic 
research  in  a  broad  comprehensive  drug  development  program. 
It  has  been  quite  profitable  to  NCI  because  we  support  less 
than  1/5  the  effort  of  the  Department  of  Biochemical  Pharma- 
cology, but  receive  comprehensive  reports  of  all  major  findings 
in  the  Department. 

6.  Mario  Negri  Institute  for  Pharmacological  Research  (9-7250) 

The  Mario  Negri  Institute  for  Pharmacological  Research  was 
awarded  a  terminal  supplement  to  complete  ongoing  studies  re- 
lated to  collecting  and  screening  agents  from  Southern  Europe; 
the  pharmacology  of  new  agents,  such  as  Pentamethylmelamine; 
and  new  agents  for  immuno stimulant  and  depressant  properties. 

Additional  Staff  Functions  Related  to  Detailed  Drug  Evaluation  and 
Model  Development 
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1.  Analog  Development  Program 

Since  1975  the  DCT  drug  development  program  has  put  increased 
emphasis  on  the  development  of  second  generation,  less  toxic 
analogs  of  known  clinically  active  compounds.   Special  com- 
mittees have  been  appointed  to  formulate  a  plan  of  develop- 
ment for  each  analog  class  which  takes  into  account  specific 
toxicities  or  undesirable  features  of  the  parent  compound, 
such  as  the  lung  toxicity  associated  with  Bleomycin. 

Presently  there  are  nine  analog  committees:   Biological  Re- 
sponse Modifiers,  Nucleosides,  Nitrosoureas  and  Alkylating 
Agents,  Anthracyclines ,  Platinum  Compounds,  Antifols,  Actino- 
mycins  and  Bleomycins.   In  addition,  during  the  past  year  an 
Analog  Development  Committee  was  formed  to  attempt  to  optimize 
structures  based  on  compounds  already  in  clinical  trial  or  new 
leads  being  followed  by  the  Decision  Network  Committee. 
Several  Nitrosoureas  were  recommended  for  synthesis  and  will 
be  tested  by  DEB  after  receipt.   DEB  referred  compounds  to  the 
Analog  Committees  as  part  of  the  compound  review  process  of 
the  Pre-Screen  Subcommittee,  the  Data  Review  Subcomm.it tee,  and 
the  Drug  Evaluation  Committee.   DEB  also  sent  representatives 
to  the  meetings  of  each  analog  group,  summarized  antitumor  data 
for  presentation  at  the  meetings,  and  scheduled  special  testing 
as  requested  in  an  attempt  to  define  differences  or  unusual 
properties  of  analogs.   NSC-303565,  an  apparent  structural 
analog  of  Ellipticine  was  recommended  for  clinical  trial  be- 
cause of  its  different  spectrum  of  antitumor  activity  and 
differences  in  binding  to  DNA.   DEB  completed  the  testing  of 
a  series  of  Anthracyclines,  Platinum  complexes,  mitotic  in- 
hibitors, and  Actinomycin  derivatives  in  all  eight  tumor  panel 
systems  and  referred  the  data  to  the  appropriate  Analog  Com- 
mittee for  evaluation  along  with  toxicity  data  being  generated 
by  the  toxicology  contract  program. 

2 .  Platinum  Analog  Working  Group 

Work  continued  in  a  number  of  experimental  systems  in  an 
attempt  to  find  a  platinum  analog  with  superior  or  different 
properties  from  the  parent  compound  cis-Pt  (II)  (NSC-119875) . 
These  systems  included  the  eight  tumor  panel  systems,  human 
tumor  stem  cell  assays,  renal  toxicity  assays  in  rats,  flounder 
kidney  tubule  assays,  in  vitro  studies  on  the  incorporation  of 
radiolabeled  precursors  into  DNA,  RNA,  and  protein,  ATPase 
assays,  mutagenesis  assays  (Ames  test),  dog  emesis  tests,  and 
assays  for  solubility,  stability,  and  purity.   Tumor  panel 
testing  of  six  analogs  selected  for  a  primary  comparison  study 
in  direct  comparison  with  cis-Pt  was  completed  during  the  past 
year.   They  included  NSC-146068  (Ethylenediamine  malonato 
platinum) ,  NSC-224964  (Cyclohexanediamine  malonato  platinum) , 
NSC- 241240  (Cyclobutanedicarboxylato  diamine  platinum) , 
NSC-250427  (Cyclohexanediamine  sulfate  platinum) ,  NSC-256927 
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(Dichlorodihydroxybispropanamine  platinum) ,  and  NSC-271674 
(Cyclohexanediamine  carboxyphthalato  platinum) .   Quantitative 
differences  in  antitumor  properties  were  observed,  but  no 
significant  differences  in  spectrum  of  antitumor  activity  were 
noted  in  tumor  panel  testing  or  against  the  murine  M5076 
ovarian  tumor.   In  addition,  no  significant  oral  activity  or 
activity  against  the  murine  ependymoblastoma  implanted  intra- 
cerebrally  was  detected.   Although  data  were  still  being  ac- 
cumulated at  year's  end,  some  significant  findings  had  emerged: 
(1)  NSC-241240  was  not  as  mutagenic  as  cis-Pt  in  the  Ames 
test;  (2)  in  contrast  to  cis-Pt  and  NSC-271674,  NSC-241240  did 
not  inhibit  DNA,  RNA  and  protein  synthesis  to  a  significant 
extent  even  after  exposure  of  P388  cells  to  10" -^  ior   4  hr .  ; 
(3)  all  platinum  complexes  inhibited  flounder  renal  tubular 
transport  systems  and  ATPase  activity;  and  (4)  several  analogs 
appeared  to  have  less  renal  toxicity  than  cis-Pt  in  rats. 
Since  the  dog  appears  to  be  a  fairly  reliable  model  for  pre- 
dicting toxicities  encountered  with  cis-Pt  in  the  clinic,  em- 
phasis was  placed  on  assessing  emetic  potential,  leukopenia 
and  renal  toxicity  of  the  six  analogs  involved  in  the  primary 
comparison  study  in  the  dog  before  any  recommendations  would  be 
made  as  to  which  analogs  deserved  further  clinical  evaluation. 
Considerable  dog  toxicity  data  were  still  outstanding  at  the 
end  of  this  reporting  period.   Quantitative  studies  were  con- 
ducted on  the  stability  of  platinum  complexes  in  equeous 
solution.   Although  these  studies  were  not  yet  completed, 
NSC-250427  and  NSC-271674  appeared  very  unstable  and,  there- 
fore, potentially  difficult  to  formulate.   NSC-224964  appeared 
too  insoluble  for  use  as  an  intravenous  preparation  using 
currently  available  technology.   Comparative  testing  of  several 
platinum  analogs  against  a  series  of  human  ovarian  tumors  using 
the  human  tumor  stem  cell  assay  was  still  in  progress. 

Radiation  Modifiers  (RFP  97257  and  RFP  07330) 

DCT  has  recently  launched  a  new  program  in  radiation  modifiers 
which  includes  the  search  for  new  and  better  radiosensitizers 
and  radioprotectors.   The  Board  of  Scientific  Counselors  re- 
commended that  screening  programs  for  both  sensitizers  and 
protectors  be  funded  by  the  contract  mechanism  and  that  these 
contracts  be  integrated  into  the  ongoing  DCT  drug  development 
program.   DEB  has  reprogrammed  funds  to  accomplish  this  aim. 
However,  due  to  personnel  ceilings,  we  have  not  been  able  to 
obtain  staff  trained  in  radiobiology  to  properly  guide  and 
monitor  these  new  efforts.   The  Radiotherapy  Development  Branch 
has  the  expertise  to  monitor  these  contracts,  but  unfortunately 
has  too  many  other  commitments  to  handle  this  additional  re- 
sponsibility.  They  will  serve  as  Assistant  Project  Officers 
and  perhaps  in  the  future  will  take  full  responsibility  for 
the  operation  of  these  contracts.   Since  the  area  of  radiation 
modifiers  represents  a  ne\<!   approach  for  our  drug  development 
program  in  the  treatment  of  cancer,  we  feel  these  projects 
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deserve  special  budgetary  recognition. 

4 .  Review  of  Grant  Applications 

Approximately  125  grant  applications  dealing  with  all  aspects 
of  drug  development  except  synthesis  of  new  agents  and  isola- 
tion of  new  plant,  marine,  and  fermentation  products  were  re- 
viewed.  Three  types  of  evaluation  were  provided:   (1)  factual 
or  technical  information,  such  as  the  status  of  a  particular 
compound  in  drug  development ;  (2)  Program  relevance  of  each 
application  and  its  possible  overlap  with  contract  supported 
activities;  and  (3)  the  priority  of  each  application  as  high, 
medium,  or  low  in  relation  to  the  objectives  of  DCT.   The  in- 
formation was  supplied  to  the  Grants  Program  Director,  Office 
of  Extramural  Research  and  Resources  for  consideration  by 
Study  Sections  and  to  the  Associate  Director,  DTP,  and  the 
Director,  DCT  to  aid  in  determining  the  extent  to  which  grant 
studies  complement  contract  projects. 

5 .  Investigational  New  Drug  Applications 

During  the  past  year  DEB  summarized  the  pre-clinical  thera- 
peutic data  for  AT-125  (Acivicin,  NSC-163501)  and  Norgamem 
(NSC-25855)  and  submitted  the  reports  to  the  Cancer  Therapy 
Evaluation  Branch,  DCT  for  inclusion  in  the  IND  Applications 
to  the  Food  and  Drug  Administration. 

6.  DTP  Pre- Clinical  Ad  Hoc  Review  Committee 

During  this  reporting  period,  the  Chief,  DEB  was  appointed 
Chairman  of  the  DTP  Pre-Clinical  Ad  Hoc  Review  Committee  which 
conducted  six  competitions  and  determined  the  technical  accep- 
tance or  lack  thereof  of  proposals  in  response  to  RFP's  for 
large-scale  isolation  of  antitumor  agents  from  natural  sources; 
new  antineoplastic  drug  acquisition;  evaluation;  development 
and  screening;  detailed  drug  evaluation  and  methodologies; 
studies  in  support  of  viral  cancer  research;  and  development 
and  production  of  parenteral  dosage  formulations. 

IV.   Staff  Functions  Related  to  Support  Services 

A.   General 

While  the  Office  of  the  Chief  and  Screening  Section,  DEB  managed 
contract  projects  for  development,  improvement,  and  use  of  labora- 
tory models  for  comprehensive  drug  evaluation,  conduct  of  the  Pro- 
gram remained  dependent  also  on  Screening  Services  (IITRI,  9-7213) 
to  provide  logistical  aid  to  the  Branch;  on  automated  data  pro- 
cessing (ADP)  services  for  the  retrieval,  retention,  summarization, 
and  integration  of  laboratory  results;  and  on  the  ability  of  the 
Branch  to  produce  laboratory  research  animals  of  high  quality  and 
in  the  numbers  needed  to  carry  out  the  Program. 
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B.   The  Automated  Information  Section  (AIS) 

AIS,  DEB  is  responsible  for  the  development,  implementation,  and 
maintenance  of  the  computer  based  biological  data  file  which  pro- 
vides for  the  processing,  storage,  retrieval,  and  dissemination 
of  results  generated  in  testing  laboratories  under  contract  to  DEB. 
This  activity  is  implemented  through  a  contract  with  VSE  Corpora- 
tion (0-7251).   The  computerized  file  is  maintained  in  the  Division 
of  Computer  Research  and  Technology,  NIH.   The  biological  data  base 
is  capable  of  providing  detailed  or  summary  data  related  to  ac- 
tivities of  individual  compounds  or  structural  types,  evaluation 
of  existing  screens,  design  and  evaluation  of  new  test  systems,  and 
statistical  information  required  for  effective  Program  management. 
AIS  and  its  contractor  work  in  close  liaison  with  the  DEB  staff 
and  the  Screening  Services  Contractor  (IITRI,  9-7213)  to  produce 
the  many  computerized  and  summarized  scientific  and  management  re- 
ports essential  to  Program  conduct.   Since  DEB  is  the  principal 
user  of  the  biological  data  file,  the  establishment  of  AIS  within 
DEB  some  years  ago  facilitated  the  design  and  implementation  of 
drug  status  reports  such  as  the  Operating  Committee  File,  Compounds 
of  Interest  Transaction  File,  the  weekly  DCT  Tumor  Panel  Summary, 
and  the  revised  Selected  Agents  List,  which,  at  a  glance,  can  tell 
us  of  the  status  of  every  drug  in  development.   None  of  these  im- 
portant management  tools  nor  the  improved  Screening  Data  Summary 
nor  the  Solid  Tumor  File  existed  prior  to  DEB's  assumption  of 
responsibility  for  establishing  priorities  and  implementing  data 
handling  programs.   DEB  first  recognized  the  potential  advantage  of 
interfacing  the  biological  data  file  and  the  chemical  information 
file  (currently  maintained  by  the  Drug  Synthesis  and  Chemistry 
Branch,  DS&CB)  and  first  recommended  a  study  of  ways  and  means  of 
implementing  this  "interlink".   Subsequently,  an  Ad  Hoc  Extramural 
Committee  on  Information  Management  recommended  establishment  of  a 
new  Branch  to  carry  out  the  present  ADP  functions  of  both  DEB  and 
DS&CB.   An  internal  Steering  Group  for  Computer  Processing 
(Chaired  by  M.K.  Wolpert,  DEB)  was  established  to  advise  Program 
on  implementation.   A  functional  statement  for  a  new  Branch  on 
Information  Technology  and  a  plan  for  its  operation  has  been  de- 
veloped.  The  Steering  Group  also  is  pursuing  several  different 
ideas  for  summarizing  biological  data  in  a  format  suitable  for  an 
interactive  interlink  for  use  in  chemical  browsing.   The  format 
must  be  detailed  enough  to  aid  those  involved  in  structure-activity 
studies  and  yet  summarized  sufficiently  to  fit  the  Chemical 
Abstracts  File  of  chemical  structures.   Once  the  new  Branch  is 
formed,  a  five-year  planning  document  is  anticipated.   It  is  hoped 
that  a  system  can  be  developed  to  distribute  NCI  data  through  the 
National  Library  of  Medicine  or  Commerical  Online  Services. 
Judicious  implementation  of  the  Information  Technology  Branch 
should  result  in  the  merger  and  wider  utilization  of  the  biological 
and  chemical  data  bases.   However,  Program  should  recognize  the 
important  contributions  of  DEB  and  DS&CB  to  the  implementation  of 
the  present  programs  and  make  appropriate  provision  to  assure  the 
continued  ability  of  these  scientific  Branches  to  determine 
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priorities  for  data  processing  needs.   Clearly,  improvements  in 
the  output  of  the  biological  data  file  made  during  the  period  of 
DEB  control  have  been  substantially  greater  than  at  any  time  in 
the  history  of  the  NCI  drug  screening  program.   This  should  be 
considered  carefully  in  reorganization  plans. 

The  Mammalian  Genetics  and  Animal  Production  Section  (MG&APS) 

The  primary  function  of  the  MG&APS,  DEB  is  to  provide  healthy, 
genetically  defined  and  controlled  animals  to  the  drug  screening 
program  and  to  other  investigators  including  contracts  sponsored 
by  other  NCI  Divisions,  the  NIH  intramural  program,  NIH  grantees, 
and  the  Veterans  Administration  Research  Facilities.   MG&APS  con- 
tract functions  are  listed  in  Appendix  II.   A  brief  description 
of  each  activity  is  given  in  the  current  Report  of  the  MG&APS, 
DEB.   During  the  period  from  April  1,  1979  through  March  31,  1980, 
MG&APS  produced  and  distributed  4,266,867  rodents  for  experimental 
use  as  follows : 

To  DCT  contractors,  intramural  laboratories   -  3,522,006 
and  collaborators 

To  DCCP  and  DCBD  contractors 

To  the  Veterinary  Resources  Branch,  NIH 

To  the  Veterans  Administration 

To    NIH   grantees 

Total 

Two  years  ago  DEB  foresaw  that  progressive  budgetary  restrictions 
and  cost  inflation  would  impact  seriously  on  our  ability  to  provide 
animals  for  DCT  contract  and  intramural  studies  and  to  continue  the 
traditional  practice  of  providing  animals,  free  on  request,  to 
other  Divisions  and  to  grantees.   TTie  Office  of  the  Chief,  DEB  re- 
commended that  a  mechanism  of  reimbursement  for  animals  distributed 
to  non-DCT  users  be  devised  and  implemented  ADP  programs  for  pre- 
cisely determining  the  cost  of  each  animal  by  type,  sex,  etc.;  for 
tracking  the  distribution  of  the  animals;  and  for  realizing  appro- 
priate reimbursements.   This  task,  requiring  close  liaison  between 
AIS  and  MG&APS,  provided  for  the  first  time,  strict  cost  account- 
ability for  the  animal  production  program.   During . the  present 
reporting  period  (April  1,  1979  through  March  31,  1980)  cost  re- 
coveries totaled  $1,520,000  (Appendix  II).   However,  in  some  cases 
costs  were  reimbursed  in  kind  rather  than  transfer  of  funds  and 
all  costs  for  the  period  have  not  been  paid.   Actual  costs  of 
animals  distributed  outside  DCT  were: 


296 


To  DCCP  and  DCBD  -  $   289,032 

Veterinary  Resources  Branch  -     765,875 

Veterans  Administration  -    265,068 

Grantees  -     584,488 

Total  $1,904,463 

The  cost  of  animals  distributed  to  grantees  is  noteworthy.   Now 
that  grantees  must  include  these  costs  in  the  budget  for  grant 
applications,  these  expenditures  should  be  reflected  Program-wide 
as  grant  funds  rather  than  contract  funds.   We  believe  that  con- 
tract activities  do  support  grant  activities  by  providing  impor- 
tant services  and  that  this  should  be  reflected  appropriately  in 
analyzing  the  DCT  budget.   For  example,  we  have  recently  re- 
commended that  radiolabeled  drugs  be  distributed  to  grantees  on  a 
reimbursable  basis. 

V.   Future  Course 

DEB  will  continue  to  manage  its  world-wide  program  for  the  recognition 
and  development  of  new  and  improved  anticancer  therapies  in  an  exem- 
plary way  with  maximal  accountability.   We  will  pursue  new  initiatives 
as  indicated  by  fundamental  studies  and  our  judgment  of  prognosis  for 
success.   We  will  continue  to  survey  grant  funded  research  projects 
for  indications  of  methodological  improvements,  but  must  continue  to 
utilize  the  contract  mechanism  to  develop  methods  aimed  specifically 
at  our  targeted  program.   The  diversity  of  activities  managed  by  DEB 
is  a  reflection  of  the  premise  that  grants  are  given  to  support  re- 
search and  contracts  are  written  to  procure  research;  the  difference 
being  related  primarily  to  immediate  need  for  information  rather  than 
the  nature  of  the  proposed  work.   All  DEB  projects  are  staff  initiated 
and  directed  to  fulfillment  of  DCT  objectives.   Approaches  to  realiza- 
tion of  objectives  may  be  staff  initiated,  contractor  initiated,  or 
the  result  of  active  collaborations.   DEB  will  continue  to  devote  its 
best  effort  in  improving  resources  to  carry  out  the  overall  DCT  drug 
development  program  and  to  offer  its  best  advice  and  counsel  to  Pro- 
gram on  any  matter  that  falls  within  the  competence  and  experience  of 
its  staff. 
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APPENDIX  I 
DEB  CONTRACTORS  AND  FUNDING  LEVEL*,  FY  1980 

1.  In  Vivo  Screening  $  4,466,161 

Arthur  D.  Little,  Inc.  (0-7346)  483,763 

Battelle  Memorial  Institute  (6-7099,  0-7266)  1,400,950 

IIT  Research  Institute  (9-7316)  936,493 

Institute  Jules  Bordet  (5-7040,  0-7350)  327,365 

Mason  Research  Institute  (9-7317)  1,317,590 

2.  In  Vitro  Screening  $  1,344,895 

Arthur  D.  Little,  Inc.  (9-7288)  95,335 

Miami,  University  of  (9-7290)  175,525 

Wisconsin,  University  of  (9-7289)  74,035 

RFP  07327  (Human  Tumor  Stem  Cell  Assay)  1,000,000 

3.  Data  Processing  and  Support  Services  $  1,190,388 

VSE  Corporation  (0-7251)  890,938 

IIT  Research  Institute  (9-7213)  299,450 

4.  Detailed  Drug  Evaluation  and  Model  Development  $  3,279,545 

Arthur  D.  Little,  Inc.  (5-3765)  84,000 

RFP  07302  (Recompetition  of  5-3765)  500,000 

Arthur  D,  Little,  Inc.  (8-7186)  150,000 

Southern  Research  Institute  (9-7309)  2,120,545 

Catholic  Medical  Center  of  Broolkyn  &  Queens,  Inc  (6-7081)  30,000 

Mason  Research  Institute  (5-7030,  RFP  07325)  215,000 

Institute  for  Cancer  Research,  England  (4-3736)  105,000 

Mario  Negri  Institute  for  Pharmacological  Research  (9-7250)  75,000 

Stehlin  Foundation  for  Cancer  Research  (6-7073)  0 

5.  Radiation  Modifiers  $    300,000 

RFP  07330  100,000 

RFP  97257  200,000 

Total  $10,580,989 

^Negotiated  or  estimated. 
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APPENDIX  II 
ANIMAL  PRODUCTION  PROGRAM  FUNDING,  FY  19J 


Primary  Genetic  Centers  (5)* 

Supply  breeding  nucleus  for  the  animal  program  and 
athymic  mice  for  drug  evaluation. 

Rodent  Production  Centers  (7)* 

Large  scale  production  of  inbred  mice  under  both 
conventional  and  barrier  controlled  environment. 

Hybrid  Mouse  Production  Centers  (9)* 

Supply  hybrid  mice  for  the  screening  program. 

Beagle  Production  Centers  (3)* 

Supply  dogs  for  large-scale  toxicology. 

Diagnostic  and  Histocompatibility  Projects  (6)" 

To  monitor  animal  health  and  genetic  integrity. 

Development  of  Standards  and  Guidelines  (2)* 

For  animal  care  and  breeding. 

Maintenance  of  Frozen  Tumor  Bank  (1)* 

Production  of  Athymic  Mice  (FCRC) 


$4,497,000 

$1,924,000 

$2,150,000 

$   82,000 

$   847,000 

$   50,000 

$  185,000 
$   235,000 


Total 

Less  Reimbursements 


Cost  to  DCT 


$9,970,000 
-1,520,000 

$8,450,000 


*Number  of  contracts 
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APPENDIX  III 
FLOW  OF  DRUGS  THROUGH  DOT  SCREENS 


SYNTHETIC 

COMPOUNDS 

-15,000  PER  YEAR 


PURIFIED 

NATURAL  PRODUCTS 

400  PER  YEAR 


ACTIVE  IN 

P388 

PRESCREEN 


ACTIVE  IN 
OTHER  BIOLOGIC 
OR  BIOCHEMICAL 

SYSTEMS 


500- 

1000 

COMPOUNDS 


MOUSE  TUMORS 


LUNG 

COLON 

BREAST 

LEUKEMIA 

MELANOMA 


HUMAN  TUMOR 
XENOGRAFTS 


LUNG 

COLON 

BREAST 


TUMOR 


TUMOR  PANEL  MODELS,  TUMOR  AND  HOST  FACTORS 
TEST  HOST  INOCULUM 


SITE 


Leukemia  P388 
Leukemia  L1210 
Melanoma  B16 
Lewis  lung  carcinoma 
Colon  carcinoma  38 
Mammarv  Ca  CD8F1 


(mouse  tumors) 


BDFl,  CDFl      10   ascites  cells         IP 


BDFl,  CDFl  10   ascites  cells  IP 

BDFl,  B6C3  1/10  homogenate  IP 

BDFl  10   cells  (brei)  IV 

BDFl  Fragment  (trocar)  SC 


5  X  10   cells  (brei)      SC 


CD8F1 

(CD8F1  tests  are  conducted  against  first  generation  transplants 
from  spontaneous  tumors) 


Mammary ,  MX-1 
Lung,  LX-1 
Colon,  CX-1 


(human  tumor  xenografts) 
Nu/Nu  Fragment 
Swiss 


SRC* 
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AUTOMATED  INFORMATION  SECTION 
DRUG  EVALUATION  BRANCH 


The  Automated  Information  Section  (AIS)  is  responsible  for  the  implementa- 
tion and  maintenance  of  the  biological  data  processing  system  for  the  Drug 
Evaluation  Branch  (DEB)  ,  thereby  providing  for  the  automated  processing, 
storage,  and  retrieval  of  biological  data  generated  in  testing  laboratories 
under  contract  to  DEB,  Developmental  Therapeutics  Program  (DTP).   Synthetic 
and  natural  products  are  tested  in  animals  for  antitumor  activity  and  in 
cell  cultures  at  various  screening  laboratories  prior  to  data  entry  into  the 
system.   On  the  basis  of  these  test  results,  decisions  are  made  concerning 
the  direction  of  compound  acquisition,  synthesis,  fractionation  of  active 
crude  natural  products,  and  the  recommendation  of  new  agents  for  development 
toward  clinical  trial.   The  biological  data  base  is  capable  of  being  queried 
by  special  programs  thus  providing  special  summary  data  for:   (1)  evaluation 
of  the  existing  screens;  (2)  design  and  evaluation  of  new  test  systems;  (3) 
review  of  antitumor  activity  by  the  Drug  Evaluation  Committee,  Operating 
Committee,  and  Decision  Network  Committee;  (4)  detailed  evaluation  of  in- 
dividual compounds  and  drug  combinations;  (5)  reports  to  be  included  in  In- 
vestigational New  Drug  Applications  and  their  updates;  and  (6)  statistical 
information  requested  for  effective  Program  management. 

The  AIS  is  staffed  by  three  professionals,  two  junior  programmers  and  a 
clerk- typist.   Professional  staff  serves  as  Project  Officer  and  has  one  con- 
tract with  VSE  Corporation  (NOl-CMO-7251) .   This  contract  was  recompeted 
and  awarded  in  this  report  period. 

During  this  period  the  synthetic/selected  agent  compound  and  natural  pro- 
ducts master  file  was  split  in  order  to  minimize  processing  time.   Data 
meeting  certain  specified  criteria  was  put  on  an  archive  file  which  is 
readilv  accessable  to  queries.   Should  a  compound  on  the  archive  file  be 
retested,  all  of  the  data  are  then  returned  to  the  active  file. 

During  this  time  period  the  synthetic/selected  agent  compound  and  the 
natural  products  master  files  were  microfilmed  in  order  to  conserve  storage 

space. 

An  update  to  Instruction  14  was  published  and  disseminated  to  staff, 
screeners,  suppliers  and  other  interested  parties.   A  log  of  names  and 
addresses  is  maintained  to  ensure  that  all  future  updates  are  distributed 
to  current  Instruction  14  users. 

The  tumor  panel  file  was  modified  during  this  report  period  to  identify  com- 
pounds that  originated  from  the  Natural  Products  Branch.  This  file  was  also 
changed  to  include  all  compounds  involved  in  special  testing. 

The  AIS  also  provided  various  reports  for  the  Screening  Section  (S.S.),  DEB 
including  analogue/parent  comparison  plots  of  data  for  the  Anthracycline 
Analog  Committee,  and  statistical  reports  analyzing  in  vitro  data  and  solid 


305 


tumor  data.   Again,  during  this  report  period,  the  Drug  Synthesis  and  Chem- 
istry Branch  was  provided  a  data  file  for  the  ongoing  Chemical  Information 
System  pattern  recognition  project. 

There  is  a  standing  "Quantity  Not  Sufficient"  (QNS)  query  run  biweekly  for 
the  IITRI  Screening  Services  contract,  N01-CM9-7213,  to  aid  in  the  scheduling 
of  retests  of  active  compounds.   The  QNS  report  lists  those  materials  which 
need  to  be  acquired  and  informs  staff  when  they  are  available.   Prior  to 
every  Operating  Committee  meeting  a  special  query  and  report  is  run  for  the 
Screening  Section.   Manually  generated  data  extracted  from  these  reports  are 
then  input  to  the  Operating  Committee  Report  System  and/or  the  Compounds  of 
Interest  File. 

The  Natural  Products  Branch  (NPB) ,  again  received  data  processing  support 
including  the  monthly  Materials  of  Interest  Report  and  the  quarterly  P388/ 
L1210  Report.   In  addition,  several  large  queries  were  also  run  for  the  NPB 
in  order  that  material  selection  methods  might  be  refined  and  that  contractor 
activity  might  be  more  closely  monitored. 

During  the  report  period  the  AIS  processed  175  queries  from  in-house  and 
out-of-house  requests  for  biological  data.   Data  files  were  provided  to 
several  suppliers  of  compounds  of  their  data  on  magnetic  tape.   Site  visits 
to  those  suppliers  were  also  made  to  explain  DEB's  methodology  for  data  col- 
lection, update,  storage  and  dissemination  of  biological  data. 

In  that  the  DEB  BUR  System  is  one  of  the  largest  collections  of  animal  anti- 
tumor data  in  the  world,  our  data  processing  methodology  is  of  interest  to 
other  organizations  facing  similar  data  processing  problems. 

The  Operating  Committee  Report  was  continually  updated  during  this  period 
and  distributed  to  all  members  prior  to  each  meeting  thus  providing  members 
with  up-to-date  information  with  which  to  make  decisions. 

During  this  reporting  period  additional  minutes  of  various  meetings  (DRS , 
Pre-Screen  Subcommittee)  were  computerized  in  order  to  facilitate  rapid 
access  to  data  necessary  to  make  management  decisions. 

During  this  report  period  AIS  professional  staff  served  on  the  Steering  Group 
for  Computer  Processing  which  was  formed  to  oversee  the  interlink  of  chem- 
ical and  biological  data.   Cost  estimates  were  made  and  projections  as  to 
time  and  resources  that  would  be  required  to  print  chemical  structures  with 
biological  data  in  order  to  make  these  reports  more  useful  to  scientific 
staff. 

The  BUR  system  was  expanded  to  include  29  new  test  systems  and  15  tumor  sys- 
tems, but  because  of  the  new  data  processing  methods  inherent  in  the  system 
the  effort  to  accomplish  this  was  minimal.   Statistics  concerning  the  pro- 
cessing of  data  are  contained  in  Table  1. 

During  this  period  the  terminal  handler  system  was  modified  to  allow  the 
transmission  of  solid  tumor  data  to  AIS  and  VSE  Corporation  for  master  file 
update.   This  allows  more  timely  reporting  of  data  to  various  committees  to 
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improve  the  flow  of  compounds  through  the  DCT  linear  array.   This  system  was 
also  modified  to  permit  data  that  had  been  previously  processed  to  the  master 
file,  in  error,  to  be  retrieved  and  returned  to  the  screening  laboratory  for 
modification,  recalculation,  and  reentry  into  the  system. 

It  is  clear  from  this  report  that  AIS  is  a  necessary  and  responsive  resource 
for  DEB.   The  continuing  effort  devoted  to  new  systems  development  and  cur- 
rent data  processing  methodologies  represent  our  attempt  to  meet  the  needs 
of  the  Branch  regardless  of  modifications  in  test  systems,  experimental  pro- 
tocols, and  priorities.   The  increasing  complexity  of  testing  procedures  and 
the  need  for  rapid  summarization  of  results  from  the  contract  testing  la- 
boratories throughout  the  world  has  progressively  increased  the  need  to  use 
automated  data  processing  systems.   In  addition,  in  its  effort  to  minimize 
efficiency  in  the  use  of  funds,  testing  capacity  and  animal  resources,  DEB 
has  relied  heavily  on  AIS  to  provide  accurate  and  current  utilization  re- 
ports.  Thus,  AIS  occupies  a  focal  position  in  the  DEB  organization  and 
plans  to  continue  to  be  responsive  to  Program  needs.   A  major  goal  for  the 
coming  year  will  be  the  continuing  effort  to  integrate  the  printing  of 
biological  and  chemical  data  on  the  same  report. 
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IIAMt^ALIAN  GENETICS  AND  ANIMAL  PRODUCTION  SECTION 
DRUG  EVALUATION  BRANCH 


The  primary  function  of  the  Mammalian  Genetics  and  Animal  Production  Section, 
DEB,  is  to  provide  healthy  laboratory  animals  with  properly  defined  genetic 
characteristics  to  various  research  investigators  as  follows:   (1)  DTP 
Screening  Program;  (2)  other  NCI  Research  Contracts  (DCCP,  DCBD,  etc.);  (3) 
NIH  Intramural  Program;  (4)  Research  Grants;  and  (5)  Veterans  Administration 
Research  Facilities  (surplus  animals  which  are  offered  when  available). 

An  additional  function  of  this  Section  is  to  coordinate  the  movement  of 
transplantable  experimental  animal  tumors  from  tumor  bank  sources  into 
scientific  laboratories. 

The  structure  of  the  animal  production  program  includes:   5  Primary  Genetic 
Centers;  7  Rodent  Production  Centers;  9  Hybrid  Production  Contracts;  3 
Beagle  Hound  Production  Contracts;  5  Animal  Disease  Diagnostic  Contracts; 
1  Histocompatibility  Contract;  1  Tumor  Bank  Contract;  and  2  contracts  with 
the  National  Academy  of  Sciences. 

FY  1980  funding  for  each  task  listed  above  is  shown  in  the  current  Report  of 
the  Chief,  Drug  Evaluation  Branch. 

The  Section  staffing  consists  of  one  senior  staff  member,  one  professional 
associate,  one  animal  contracts  assistant,  and  one  clerk  typist. 

Primary  Genetic  Centers 

These  centers  serve  as  a  breeding  nucleus  for  the  animal  program.   In  order 
to  insure  that  maximum  quality  control  is  maintained  at  this  level,  it  is 
required  that  any  animals  received  by  such  centers  are  derived  into  a  germ- 
free  state;  i.e.,  Caesarian  sections  are  performed  under  isolator  conditions. 
These  animals  are  then  maintained  as  foundation  colonies  in  defined  flora 
isolators.   These  foundation  isolators  serve  as  a  source  of  breeders  for  the 
larger  expansion  colonies  which  are  housed  under  barrier  conditions. 

Rodent  Production  Centers 

The  purpose  of  these  contracts  is  to  accomplish  large-scale  production  of 
pure  strains  of  inbred  mice  which  will  be  supplied  to  fixed-price  con- 
tractors for  hybrid  mouse  production.   The  rodent  production  contract  re- 
ceives breeding  stock  from  the  genetic  expansion  colonies.   These  breeders, 
therefore,  represent  direct  offspring  of  brother  x  sister  matings.   This 
production  also  takes  place  under  rigid  barrier-controlled  conditions. 
These  contracts  are  essential  for  providing  the  large  number  of  "super  clean' 
breeders  for  hybrid  production  contracts. 
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Hybrid  Mouse  Production  Contracts  (Fixed-Price) 

These  contractors  supply  the  large  volume  of  first  generation  hybrid  mice 
for  the  screening  program.   Breeding  animals  for  these  colonies  are  received 
from  the  rodent  production  contracts. 

Beagle  Production  Contracts 

These  animals  are  procured  on  a  fixed-price  contract  basis  from  qualified 
breeders  and  are  primarily  used  by  the  toxicology  program. 

Diagnostic  Contracts 

These  are  service  contracts  which  are  utilized  to  monitor  and  upgrade  the 
quality  of  animals  moving  within  the  animal  production  program  and  to  the 
laboratory.   Presently,  they  consist  of  one  virus  diagnostic  service, 
three  pathology  services,  one  bacterial  diagnostic  service  (primarily 
Salmonella  and  Pseudomonas  species)  ,  and  one  isolator  monitoring  (associated 
flora)  contract. 

Histocompatibility  Study  Contracts 

These  contractors  perform  genetic  monitoring  of  inbred  mouse  and  rat  strains 
by  means  of  skin  grafts. 

Tumor  Bank  Contract 


This  contract  provides  experimental  human  and  animal  tumors  (free  of  con- 
taminating microbes)  on  a  scheduled  basis  to  screening/ tumor  panel  labora- 
tories and  to  qualified  investigators  both  in  the  U.S.A.  and  abroad.   Due  to 
an  increasing  awareness  of  genetic  drift  problems,  a  number  of  investigative 
laboratories  have  asked  to  be  placed  on  the  screening  schedule,  thus,  in- 
creasing the  workload  of  this  contract. 

National  Academy  of  Sciences 

A  small  amount  of  support  via  Task  Orders  6  and  16  is  supplied  to  the 
National  Academy  of  Sciences.   This  support  involves  development  and  publica- 
tion of  standards  and  guidelines  in  the  field  of  animal  care  and  breeding. 
In  addition,  support  is  extended  for  holding  conferences  and  meetings  per- 
taining to  the  field  of  laboratory  animal  care. 

The  goal  of  this  Section  is  to  achieve  and  maintain  quality  animal  produc- 
tion while  meeting  the  needs  of  the  Program.   This  goal  has  essentially  been 
reached.   Quality  animals  are  now  available  throughout  this  Program. 

Special  requirements  for  athymic  (nude)  mouse  production  have  been  met  to 
the  extent  that  the  human  tumor  testing  portion  of  the  tumor  panel  is  pro- 
ceeding on  schedule.   CD8F1  production  for  the  mouse  mammary  adenocarcinoma 
is  meeting  testing  requirements  after  a  delay  due  to  a  change  in  production 
sources.   All  other  DCT  requirements  have  been  fulfilled  without  delay. 
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The  cooperation  of  the  Frederick  Cancer  Research  Center  (FCRC)  merits 
special  recognition  in  this  report.   Nude  mouse  production  goals  would  not 
have  been  reached  on  schedule  without  this  cooperation.   Barrier  space  was 
provided  by  FCRC  to  receive  nude  mice  from  DCT  animal  program  isolators  and 
quickly  expand  production  in  order  to  meet  the  largest  requirement  for  nude 
mice  in  history.   Efforts  of  DCT  and  FCRC  provided  the  impetus  for  getting 
the  human  tumor  testing  program  on  target  in  FY  1980. 

The  DCT/NCI  Program  is  now  in  a  position  to  provide  "super  clean"  animals  to 
those  facilities  that  can  maintain  these  animals  in  a  comparatively  disease- 
free  condition.   Special  programs  that  necessarily  require  this  quality 
level  include  human  tumor  testing,  Biological  Response  Modifiers,  NCI  Tumor 
Bank,  etc.   A  number  of  testing  laboratories  are  upgrading  their  facilities 
in  order  to  receive  and  hold  these  animals,  e.g.,  Southern  Research  In- 
stitute, Arthur  D.  Little,  Inc.,  Roswell  Park,  Yale  University,  etc.   Within 
the  limits  of  budgetary  considerations,  it  would  appear  appropriate  to  en- 
courage further  upgrading  of  testing  facilities  with  the  consequent  elimina- 
tion of  animal  disease  variables  in  cancer  research  data. 
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SCREENING  SECTION 
DRUG  EVALUATION  BRANCH 


The  Screening  Section  has  as  its  principal  objectives  the  evaluation  of  and 
the  recommendation  of  new  materials  as  candidates  for  development  to  clini- 
cal trial  against  cancer.   Concomitant  with  this  is  the  investigation  of 
means  by  which  the  therapeutic  usefulness  of  known  agents  can  be  increased. 
These  objectives  are  attained  by:   (a)  pre-screening  synthetic  and  natural 
products  in  the  in  vivo  P388  system,  or  to  a  limited  degree,  in  vitro;  (b) 
the  selection  of  pure  compounds  for  screening  in  a  panel  of  tumors  comprised 
of  murine  and  human  xenograft  tumor  models;  (c)  directing  biological  assays 
which  aid  in  the  fractionation  of  natural  products  and  the  isolation  of 
active  components;  (d)  additional  testing  and  evaluation  of  materials  that 
demonstrate  efficacy  in  a  tumor  system  with  emphasis  on  factors  that  might 
effect  efficacy  such  as  route  of  administration,  treatment  schedule,  etc. ; 
(e)  analyze,  evaluate  and  present  data  to  the  Division  of  Cancer  Treatment, 
(DCT)  staff;  and  (f)  schedule  methodology  studies  in  tumor  systems  leading 
to  new  and  improved  assays  for  drug  evaluation.   These  objectives  are 
attained  by  contractual  agreements  with  qualified  laboratories  and  by  col- 
laboration with  intramural  (DCT)  laboratories.   The  principal  basis  for  re- 
commending materials  for  development  within  DCT  toward  clinical  trial  is  in 
vivo  efficacy  in  murine  tumors  and  human  xenograft  tumor  models.   In  vitro 
assays  are  utilized  for  synthetic  materials  submitted  in  too  small  a  quantity 
for  in  vivo  testing,  for  following  the  isolation  of  an  active  moiety  of  a 
crude  natural  product  and  correlating  the  cytotoxicity  with  in  vivo  activity, 
and  to  provide  information  relative  to  the  mechanism  of  action. 

I.   Staff  Functions 

The  Screening  Section  Staff,  during  this  report  period,  consisted  of  five 
senior  professionals  and  three  technical  and  clerical  personnel.   Princi- 
pal investigators  are:   B.  J.  Abbott  (Head);  R.  I.  Geran;  N.  H.  Greenberg; 
M.  M.  Macdonald;  and  N.  R.  Melnick.   During  this  report  period,  the  staff 
has  served  as  Project  Officers  for  eight  contracts  which  are  devoted  to 
in  vivo  screening.   Arthur  D.  Little,  Inc.  (NOl-CMO-7346) ,  Battelle- 
Columbus  Laboratories  (NOl-CMO-7266  and  NO1-CM6-7099) ,  IIT  Research 
Institute  (N01-CM9-7316) ,  Institut  Jules  Bordet  (NOl-CMO-7350,  formerly 
NO1-CM5-7040),  "Mario  Negri"  Institute  for  Pharmacological  Research  (NOl- 
CM3-3720),  Mason  Research  Institute  (N01-CM9-7317) ,  and  Raltech  Scienti- 
fic Services,  Inc.  (NO1-CM5-3770) .   As  a  result  of  the  in  vivo  contract 
competition  conducted  last  year,  Raltech  Scientific  Services,  Inc.,  was 
not  awarded  a  contract  due  to  the  diminished  funds  available  for  in  vivo 
screening.   However,  unexpended  funds  in  the  contract  permitted  testing 
to  continue  at  a  reduced  rate  for  a  nine  month  period.   For  the  identi- 
cal reason,  Hazleton  Laboratories  was  not  awarded  a  contract.   Both  of 
the  above  were  contract  laboratories  in  this  program  for  over  20  years 
and  the  loss  of  these  contracts  resulted  in  the  in  vivo  test  capacity 
being  diminished  by  65,000  tests  per  year  as  the  Jules  Bordet  contract 
was  increased  to  25,000  L1210  test  equivalents  per  year. 
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The  total  number  of  potential  in  vivo  tests  was  reduced  further  by  an 
increase  in  the  number  of  materials  available  for  testing  in  the  tumor 
panel,  which  includes  conventional  and  athymic  xenograft  tumor  models. 
These  models  require  additional  technician  and  housing  commitments  and 
for  testing  effort  are  assigned  L1210  or  P388  equivalent  effort  ratings. 

There  are  three  in  vitro  screening  contracts  for  which  staff  serve  as 
Project  Officers:   Arthur  D.  Little,  Inc.  (N01-CM9-7288) ,  University  of 
Wisconsin  (N01-CM9-7289)  and  the  University  of  Miami  (N01-CM9-7290) . 
These  contracts  primarily  assay  materials  of  natural  product  origin  for 
cytotoxicity. 

Due  to  the  complexity  of  the  current  In  vivo  screen  and  the  number  of 
systems  utilized,  there  is  a  screening  services  contract  with  IIT 
Research  Institute  (N01-CM9-7213) .   Their  personnel  assist  staff  in  the 
management  of  screening  data,  which  has  become  increasingly  complex  as 
a  result  of  the  number  of  tumor  systems  and  protocols  used. 

The  Screening  Section  collaborates  with  the  Chief,  Drug  Evaluation 
Branch  (DEB);  Chief,  Natural  Products  Branch  (NPB) ;  Assistant  Director 
for  International  Treatment  Research  (DCT) ;  and  the  Associate  Director, 
Developmental  Therapeutics  Program  (DTP)  in  the  monitoring  of  screening, 
detailed  drug  evaluation,  and  methodology  performed  under  contracts  with 
Southern  Research  Institute  (NO1-CM9-7309) ,  Arthur  D.  Little,  Inc.  (NOl- 
CM3-3727  and  N01-CM5-3765) ,  Upjohn  Company  (NO1-CM7-7100) ,  Michigan 
Department  of  Health  (NO1-CM3-3702) ,  Arizona  State  University  (N01-CM9- 
7297  and  N01-CM9-7262) ,  Purdue  University  (N01-CM9-7296) ,  Research 
Triangle  Institute  (N01-CM9-7261) ,  Institut  Jules  Bordet  (NO1-CM5-3840) , 
Japanese  Foundation  for  Cancer  Research  (NO1-CM2-2054) ,  and  The  Insti- 
tute for  Cancer  Research,  England  (N01-CM4-3736) . 

The  Screening  Section,  by  reviewing  the  biological  effects  of  natural 
product  fractions,  establishes  the  directions  of  effort  conducted  under 
additional  DTP  contracts  for  natural  product  fractionation  and  isolation. 
Contracts  assigned  to  the  Screening  Section  are  closely  monitored  to 
assure  that  the  testing  adheres  to  the  goals  of  the  DTP,  DCT,  NCI  and 
National  Cancer  Plan.   By  strict  monitoring,  a  high  level  of  scientific 
and  technical  proficiency  is  maintained.   The  staff  selects  new  assays 
for  potential  use  in  the  discovery  of  new  antineoplastic  drugs,  designs 
and  evaluates  existing  and  new  protocols  for  use  by  the  contract  labo- 
ratories, evaluates  test  results  and  recommends  materials  for  develop- 
ment toward  clinical  trial  and  prepares  data  summaries  for  presenta- 
tion to  the  Drug  Evaluation  Committee,  Operating  Committee,  Toxicology 
and  Clinical  Trial  areas,  and  the  Decision  Network  Committee. 

II.   Significant  Accomplishments 

A.   Determination  of  Antitumor  Activity  of  New  Agents 

Primary  screening  in  vivo  consists  of  the  initial  testing  of 
synthetic  and  natural  products  for  activity  against  transplantable 
mouse  tumors.   Screening  protocols  are  designed  to  uncover  a  modest 
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number  of  materials  which  are  then  subjected  to  progressively 
exacting  requirements  to  select  those  with  the  greatest  potential. 

Transplantable  mouse  leukemia  P388  remained  the  initial  in  vivo 
screen  for  most  materials  submitted  for  testing.   The  reasons  for 
selecting  P388  as  the  initial  screening  model  or  "pre-screen"  were 
reported  previously.   Materials  which  are  active  in  our  pre-screen, 
or  which  "by-pass"  the  pre-screen  because  of  demonstrated  interesting 
activity  outside  our  program  (e.g.,  antitumor  activity  in  other 
screens  or  pertinent  biochemical  or  biological  activities)  and  some 
of  special  interest  because  of  the  rationale  for  synthesis  or  their 
structure  are  tested  against  a  panel  of  experimental  tumor  models. 
This  secondary  screening  panel  includes  mouse  colon,  breast,  and 
lung  tumors  and  human  tumor  xenografts  of  these  types,  a  mouse  mela- 
noma, and  a  mouse  leukemia.   Other  tumors  such  as  brain,  renal, 
ovarian  or  bladder  may  be  used  on  a  selective  basis  when  appropriate. 
The  tumor  panel  consists  of  the  following  tests  systems:   B16 
melanocarcinoma,  CD8F1  mammary  tumor,  Colon  38  adenocarcinoma,  L1210 
lymphoid  leukemia,  Lewis  lung  carcinoma,  CX-1  colon  xenograft,  LX-1 
lung  xenograft,  MX-1  breast  xenograft.   Developmental  work  has 
continued  on  the  tumor  panel  systems  to  further  define  or  modify 
protocols.   Such  studies  include  host  comparisons,  and  treatment 
schedules  and  these  changes  are  phased  in  as  permitted  by  the  com- 
pletion and  evaluation  of  the  developmental  work  and  the  availability 
of  the  appropriate  mouse  host. 

Both  the  time  required  and  cost  of  testing  in  the  tumor  panel  test 
systems  are  greater  than  that  required  for  the  P388  tumor  test  sys- 
tem.  There  were  21,563  materials  first  tested  in  any  system  during 
this  reporting  period,  and  there  were  388  materials  recommended  for 
testing  in  the  tumor  panel.   Materials  regarded  as  potential  candi- 
dates for  clinical  trial  are  examined,  prior  to  large  animal  toxi- 
cology studies,  in  all  of  the  tumor  panel  test  systems  as  well  as 
for  route  and  schedule  dependency.   Analogs  of  compounds  already  in 
development  are  compared  with  the  parent  compound  in  test  systems 
selected  on  the  basis  of  the  biological  activity  of  the  parent. 
Experimental  and  final  clinical  formulations  are  tested  for  activity 
whenever  appropriate.   Crude  natural  products  continue  to  be  tested 
in  vitro  for  cytotoxicity  against  KB  cells  and  in  vivo  against  P388 
leukemia  in  mice.   Where  activity  is  observed  in  both,  the  less  ex- 
pensive cell  culture  assay  is  used  for  bioassay  to  follow  activity 
during  fractionation  procedures. 

Tables  1-3  show  the  number  of  screening  tests  initiated  and  computer 
processed  during  the  period  of  April  1,  1979  through  March  31,  1980. 
An  rn  vivo  test  is  defined  as  a  treated  group  of  from  six  to  ten 
animals  per  dose  level.   An  in_  vitro  test  consists  of  a  concentra- 
tion -  response  assay  from  which  the  cytotoxic  ED50  is  extrapolated. 
Of  185,252  total  tests  for  this  12-month  period  (Table  1),  171,609 
were  rn  vivo  (Table  2)  as  compared  with  195,553  in  vivo  out  of  a 
total  of  215,325  tests  reported  for  the  same  period  last  year.   Table 
3  shows  a  total  of  13,643  in  vitro  tests  (including  13,261  natural 
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product  assays)  were  conducted  this  year  compared  with  19,772  in  vitro 
tests  last  year.   Tables  1-3  list  the  number  of  tests  conducted 
with  "selected  agents"  (SAC)  which  are  chosen  for  further  study  be- 
cause of  activity  in  initial  screening  or  other  biological  activity 
of  interest,  other  synthetic  compounds  (Regular),  structural  con- 
geners of  known  active  compounds  (Analogs),  crude  plant  extracts, 
crude  fermentation  beers,  crude  animal  extracts,  and  natural  product 
fractions.   These  numbers  include  tests  processed  in  our  main  com- 
puterized single  drug  data  file.   They  exclude  special  testing  such 
as  combination  chemotherapy  or  testing  in  new  systems  under  current 
development  for  which  results  are  not  computer  processed.   For 
example,  there  were  about  100  new  unique  drug  combinations  tested 
during  this  same  period  which  are  not  included  in  these  tables. 
Table  1  shows  a  reduction  from  last  year  in  the  total  number  of 
tests  carried  out. 

During  this  reporting  period,  testing  was  initiated  and  results  com- 
puter processed  for  21,563  materials,  both  synthetic  and  natural 
products,  (Table  4)  as  compared  with  20,413  during  the  previous  year 
period.   Of  these  21,563  new  materials  15,168  were  synthetic  agents. 
These  counts  are  made  from  the  date  the  materials  were  first  tested 
and  not  the  date  of  accession  of  the  materials.   Table  4  also  gives 
an  analysis  of  the  average  lag  time  between  the  date  a  test  is 
initiated  and  the  date  that  test  results  are  computer  processed. 
This  lag  time  is  greatest  for  selected  agents  and  markedly  lower 
for  other  synthetics  or  natural  products.   In  general,  initial 
screening  is  completed  in  a  relatively  short  time.   As  materials 
are  determined  to  be  active  or  require  specialized  testing,  they  are 
moved  to  the  SAC  file.   The  longer  lag  time  for  the  latter  is  a 
reflection  of  both  activity  (animal  survival),  the  more  sophisti- 
cated test  systems  requiring  more  time  for  completion,  and  the 
greater  number  of  test  systems. 

Table  5  shows,  by  test  system,  the  number  of  tests  carried  out  during 
this  report  period  in  the  tumor  models  in  the  DCT  panel  of  tumors. 
These  numbers  include  the  testing  of  compounds  recommended  for  the 
complete  panel  as  well  as  the  testing  of  compounds  recommended  for 
a  limited  spectrum  of  panel  tumors,  e.g.,  analogs  of  materials  of 
special  interest  (e.g.,  antibiotics  selected  from  in  vitro  or 
biochemical  pre-screens)  tested  in  a  few  selected  panel  tumors  and 
the  P388  pre-screen.   The  Ependymoblastoma  tumor  model  is  not  in 
routine  use  in  the  panel  but  is  included  in  Table  5  as  an  example 
of  the  ancillary  test  system  utilized  by  the  program.   The  Colon  26 
tumor  was  replaced  in  the  panel  with  the  Colon  38  tumor,  and  this  is 
reflected  by  the  decrease  in  Colon  26  tests  reported.   Last  year, 
2,809  tests  were  reported  and  this  report  shows  525.   The  number  of 
Colon  38  tests  is  relatively  high  because  of  the  developmental  work 
carried  out  during  the  beginning  of  this  report  period.   Table  5 
also  shows  that  the  level  of  testing  against  xenografts  is  still  low 
relative  to  the  level  of  conventional  animal  tumor  testing.   This 
was  because  of  the  lack  of  a  precedent  for  xenograft  screening  when 
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the  project  was  begun  and  the  lack  of  mice  and  facilities  early  in 
its  development.   However,  the  counts  by  quarterly  periods  show  a 
continued  increase  in  number  of  tests  initiated.   Developmental  work 
continued  during  this  period  which  included  comparative  testing  of 
the  site  of  tumor  implant  (subcutaneous  vs  subrenal  capsule)  as  well 
as  treatment  route  and  schedules.   Based  on  the  results  of  these 
studies,  panel  testing  now  routinely  includes  the  subrenal  capsule 
assay  and  testing  of  the  subcutaneous  tumor  is  carried  out  only  by 
special  request.   Four  laboratories  now  have  the  required  faci- 
lities to  carry  out  testing  with  the  xenograft  systems.   Candidate 
drugs  for  preclinical  toxicology  (DNS)  are  required  to  have  testing 
completed  in  all  panel  systems.   Because  test  capacity  for  the  xeno- 
graft systems  has  been  limited,  priority  in  these  systems  continues 
to  be  given  to  the  testing  of  those  agents  beyond  Decision  Network 
2A  in  the  Linear  Array.   During  this  reporting  period,  249  materials 
were  evaluated  as  having  testing  complete  in  the  tumor  panel.   As 
of  March  31,  1980,  1,575  compounds  had  been  selected  for  tumor  panel 
testing;  388  during  this  reporting  period.   These  were  selected  by 
the  following  criteria: 

343  new  compounds  based  on  pre-screening  activity,  or  known  com- 
pounds for  comparison  testing  with  a  new  compound,  selected  by 
the  Data  Review  Subcommittee; 

20  analogs  selected  by  coordinating  committees; 

25  by-pass  compounds  selected  by  staff  and  committee. 

1.   Selection  of  Candidate  Drugs  for  Clinical  Trial 

The  Selected  Agents  (SAC)  file  was  augmented  by  836  compounds  this 
fiscal  year.   These  compounds  all  demonstrated  confirmed  activity 
either  in  vivo  (824)  or  in  vitro  (12).   The  majority  of  in  vivo 
actives,  738,  were  selected  initially  by  the  P388  screen.   Twelve 
crude  natural  products  were  initially  active  in  cell  culture  screens. 

The  Data  Review  Subcommittee  of  the  Drug  Evaluation  Committee  and 
the  new  Pre-screen  Subcommittee  together  reviewed  screening  data  for 
1,201  materials,  referring  24  compounds,  along  with  their  analogs 
in  many  cases,  to  the  DEC.   The  DEC  reviewed  a  total  of  34  compounds 
representing  DRS  referrals,  various  Analog  Committee  referrals,  as 
well  as  non-Program  sources.   These  were  reviewed  in  depth  for  re- 
commendation to  the  pre  Decision  Network  group  as  candidates  for 
Decision  Network  2A  in  the  DCT  Linear  Array,  leading  to  development 
for  clinical  trials. 

Z.      Detailed  Evaluation  of  New  and  Old  Drugs  of  Particular  Interest 

Since  the  inception  of  the  NCI  screening  program  over  twenty-four 
years  ago,  approximately  653,811  materials  have  been  screened  as 
possible  anticancer  agents.   Approximately  303,811  of  these  have 
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been  natural  products  and  350,000  have  been  synthetic  agents.   From 
among  all  of  the  materials  tested,  10,580  (1.6%)  are  currently  con- 
sidered to  be  of  particular  interest  and  the  file  of  these  Selected 
Agent  Compounds  (SAC),  maintained  by  the  Section,  contains  com- 
prehensive records  of  experimental  results  for  active  drugs  and 
other  materials  of  special  interest.   Approximately  one-eleventh 
(988)  of  these  are  being  actively  pursued  on  their  own  merit  and 
the  others  are  included  in  comparison  studies  with  related  drugs. 
New  data  received  from  this  program,  other  DTP  contract  or  intra- 
mural laboratories,  non-NCI  sponsored  drug  evaluation  programs 
and  the  literature  is  reviewed,  and  when  warranted,  materials  are 
presented  to  appropriate  NCI  committees  for  review. 

The  Screening  Section  is  responsible  for  the  detailed  evaluation  of 
drugs  which  passed  DN-2A  including  an  evaluation  of  possible  schedule 
dependency,  toxicity  in  non-tumor  bearing  rodents,  activity  against 
the  DCT  panel  of  tumors,  biological  quality  control  of  experimental 
clinical  formulations,  and  evaluation  of  the  extent  to  which  modi- 
fications in  drug  usage  might  increase  therapeutic  efficacy,  in- 
cluding combination  chemotherapy  and  combined  modalities. 

In  collaboration  with  the  Office  of  the  Chief,  DEB,  results  are 
reviewed  and  summarized  for  Decision  Points  subsequent  to  DN-2A, 
for  inclusion  in  clinical  brochures  and  IND  applications,  and  for 
presentation  to  clinical  working  groups. 

1.  Schedule  Dependency  Studies: 

A  new  "streamlined"  schedule  dependency  protocol  was  initiated 
this  year  to  provide  early  treatment  schedule  information 
compatible  with  the  new  toxicology  protocol.   Clinical  dose 
formulation  is  used  for  schedule  dependency  studies  so  the  re- 
sulting data  will  be  pertinent  to  toxicology  studies  and  clinical 
trials  with  the  same  material.   When  a  material  passes  DN-2A, 
it  is  sent  for  limited  testing  on  Day  5  and  on  Day  1  only  sched- 
ules via  IP,  IV,  and  PC  routes.   If  indicated,  a  more  compre- 
hensive study  employing  more  diverse  schedules  may  follow.   Ten 
schedule  dependency  studies  were  initiated  this  fiscal  year, 
including  four  by  the  new  protocol. 

2.  Combination  Chemotherapy  Studies : 

An  offline  computer  file  of  animal  data  is  maintained  for  those 
therapy  combinations  that  have  been  tested  in  rodent  models 
(some  in  several  models,  in  several  experiments,  and  at  several 
laboratories).   An  average  of  about  eight  new  unique  drug  com- 
binations are  being  tested  per  month.   At  the  end  of  1979,  data 
for  1,384  unique  drug  combinations  were  on  record.   An  attempt 
is  made  to  publicize  those  combination  treatments  that  appear 
to  be  most  promising. 
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3 .  Biological  Quality  Control  of  Experimental  Clinical  Formu- 
lations : 

Seventeen  comparative  tests  of  bulk  drug  and  various  experimental 
clinical  formulations  were  conducted  involving  nine  agents  in 
development  toward  clinical  trial.   Such  testing,  which  may  re- 
quire the  evaluation  of  a  number  of  experimental  forms  for  each 
drug,  is  necessary  to  insure  against  loss  or  reduction  of  anti- 
tumor efficacy  during  the  process  of  formulation. 

4.  Screening  of  Structural  Congeners  of  Active  Drugs: 

In  vivo  testing  of  congeners  was  conducted  at  Arthur  D.  Little, 
Inc.  (N01-CM5-3765)  using  animal-tumor  models  selected  on  the 
basis  of  the  qualitative  and  quantitative  activity  of  the  parent 
compound.   While  the  main  objective  of  this  project  is  to  develop 
congeners  with  potential  clinical  superiority,  it  was  initiated 
several  years  ago  to  also  provide  information  to  aid  in  the  sel- 
ection of  approaches  to  new  synthesis.   Materials  are  tested 
within  two  weeks  of  receipt  in  the  laboratory  and  results  are 
sent  directly  to  the  supplier  of  the  material. 

This  project  entails  (a)  identification  by  DCT  of  drug  classes 
of  special  interest,  in  particular  the  major  classes  of  clinical- 
ly active  drugs;  (b)  acquisition  of  new  structural  congeners  and 
other  rationally-designed  drugs;  and  (c)  biological  comparative 
testing  of  congeners  to  determine  potential  superiority  over  the 
parent  drug  or  uniqueness  of  action. 

D.   Methodology  (Research  and  Development) 

This  past  year,  the  Screening  Section  has  concentrated  on  the  re- 
finement and  modifications  to  the  existing  in  vivo  protocols.   Thus, 
the  methodology  at  individual  laboratories  was  limited  to  and  con- 
cerned with  these  projects.   Two  workshops  were  scheduled  the  latter 
part  of  the  last  report  period  and  one  workshop  was  scheduled  in 
this  report  period. 

A  workshop  on  the  CD8F1  mammary  tumor  was  held  at  Southern  Research 
Institute.   As  a  result  of  the  workshop,  the  following  two  major 
changes  were  made  in  the  protocol: 

1.  Tumors  will  be  staged  before  the  initiation  of  treatment.   Prior 
to  this  change,  there  was  a  considerable  difference  from  experi- 
ment to  experiment  in  regards  to  the  tumor  size  of  the  untreated 
controls.   This  change  will  result  in  the  tumors  being  "estab- 
lished" prior  to  initiation  of  the  experiment. 

2.  Treatment  will  be  a  single  injection  after  tumors  have  been 
"staged".   This  replaces  the  Q7Dx5  schedule. 
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During  the  last  report  period,  a  workshop  on  the  Lewis  lung  tumor 
system  was  conducted.   One  of  the  decisions  reached  at  that  meeting 
was  to  conduct  a  host  study  to  determine  the  feasibility  of  sub- 
stituting the  B6C3F1  hybrid  for  the  BDFl  hybrid  as  test  host.   This 
study  was  completed  and  the  B6C3F1  mouse,  after  a  statistical  analy- 
sis, was  selected  as  the  host  of  choice  for  this  system. 

A  workshop  on  the  xenograft  tumor  models  was  held  at  IIT  Research 
Institute.   Emphasis  was  placed  on  the  subrenal  capsule  assay  system. 
The  three  laboratories  —  other  than  Mason  Research  —  made  arrange- 
ments for  their  technicians  to  learn  this  technique  (Battelle- 
Columbus,  Southern  Research  Institute,  IIT  Research  Institute). 
Presently,  xenograft  testing  is  scheduled  in  the  SC  model  only  by 
special  request. 

In  this  report  period,  a  workshop  was  held  at  Mason  Research  Insti- 
tute.  Following  a  review  of  comparison  testing  of  114  compounds  in 
both  the  SC  and  SRC  xenograft  models,  the  decision  was  made  to 
utilize  the  SRC  model  and  it  was  agreed  that  subcutaneous  treatment 
in  the  LX-1  and  MX-1  tumor  systems  would  be  days  1,  5,  9  and  in  the 
CX-1  tumor  system,  subcutaneous  on  days  1,  5,  9  and  13.   The  pro- 
cedure for  calculating  net  tumor  weight  gain  or  loss,  as  a  result 
of  treatment,  was  modified.   Calculations  based  on  weight  — 
calculated  from  ocular  micrometer  measurements  —  will  be  employed 
thus  enabling  the  direct  comparison  of  SC  xenograft  tumor  weight 
inhibition  with  that  of  the  subrenal  capsule  assay.   The  T/C  value 
of  <  20  was  established  for  acceptable  efficacy  with  the  T/C  value 
of  <  10  required  for  DN-2. 

During  this  report  period,  the  Screening  Data  Summaries  commenced 
listing  the  Cell  Kill  at  each  dose  level  in  addition  to  the  T/C 
value  —  based  on  survival  time  —  for  both  the  P388  and  L1210 
leukemias.   A  study  is  continuing  at  the  Southern  Research  Institute 
as  to  the  feasibility  of  reporting  this  data  for  the  B16  and  Colon 
38  tumor  systems. 

The  in  vitro  contracts,  monitored  by  the  Screening  Section,  conduct 
cytotoxicity  assays  as  a  support  to  the  Natural  Products  Branch. 
Since  this  program's  conception,  the  KB  system,  and  more  recently 
the  P388  and  L1210  in  vitro  systems,  have  been  the  assay  systems 
of  choice.   Commencing  the  latter  part  of  the  last  report  period, 
other  assay  systems  have  been  explored,  at  the  request  of  the  Natur- 
al Products  Branch.   Although  cytotoxicity  is  indicative  of  inter- 
ference in  a  cell's  physiology,  interference  in  other  facets  of 
cellular  development,  etc.,  might  be  more  applicable  to  the  human 
disease.   Thus,  exploratory  testing  has  been  conducted  in  a  rat 
astrocytoma,  and  more  recently  a  sea  urchin  assay,  in  which  the 
interference  in  cellular  division  is  measured.   It  is  anticipated 
that  one  or  more  of  these  assay  systems  will  be  incorporated  into 
the  in_  vitro  screen  during  this  report  period. 
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III.   Related  Projects 

In  a  large  screening  program,  persistant  surveillance  of  tumor  lines 
and  host  animals  are  required  to  assure  uniformity  of  biological  char- 
acteristics.  The  Screening  Section  achieves  these  goals  through  use 
of  frozen  tumor  banks  at  several  of  the  in  vivo  screening  laboratories 
in  addition  to  the  major  tumor  bank  under  contract  with  the  Mammalian 
Genetics  and  Animal  Production  Section,  DEB.   Studies  related  to  dia- 
gnosis and  control  of  animal  disease,  and  general  animal  quality  are 
conducted  by  the  MG&AP  Section.   Close  cooperation  with  this  Section  is 
maintained  to  resolve  problems  such  as  unanticipated  shortages.   A 
severe  shortage,  for  example,  may  require  a  change  in  strain  used  for 
a  particular  tumor. 

As  the  major  users  of  the  biological  automated  data  processing  system, 
the  Screening  Section  works  closely  with  the  Automated  Information 
Section,  DEB,  by  advising  and  assisting  in  the  planning  of  modifica- 
tions, as  well  as  monitoring  of  data,  for  the  biological  ADP  system. 

IV.   Proposed  Course  of  Projects 

The  Screening  Section  will  continue  to  supervise  the  testing  and  evalu- 
ation of  data  for  all  materials  screened  in  the  DTP  Program.   This 
includes  the  continuous  evaluation  of  the  primary  screen  and  its 
criteria,  logistics  and  tumor  models.   Research  and  methodology  will 
be  carried  out  under  contract  for  related  projects  of  interest  to  DCT, 
NCI.   Such  projects  are  directed  toward  devising  new  or  improved  anti- 
tumor assays,  evaluation  of  new  test  systems  for  their  potential  as 
screening  tools,  and  the  development  of  standardized  methodology  to  be 
used  by  the  participating  contract  laboratories. 
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ANNUAL  REPORT  OF  THE  PHARMACEUTICAL  RESOURCES  BRANCH 

DEVELOPMENTAL  THERAPEUTICS  PROGRAM 

DIVISION  OF  CANCER  TREATMENT 

October  1,  1979  to  September  30,  1980 

The  Pharmaceutical  Resources  Branch  is  structured  to  provide  comprehensive 
pharmaceutical  services  to  the  various  programs  of  the  Division  of  Cancer 
Treatment.  The  primary  objectives  of  the  Branch  are  to  supply  high  quality 
chemical  substances  and  formulated  products  for  investigative  program  use. 
These  objectives  are  accomplished  essentially  through  contract  support 
activities.  The  major  contract  areas  include:  chemical  preparation  and 
pilot  plant  production;  analytical  services;  pharmaceutical  research  and 
development;  and  pharmaceutical  manufacturing.  The  synthesis  and  distribu- 
tion of  radiolabeled  chemicals  and  drugs  are  also  provided  through  PRB 
contract  sources.  Additionally,  the  Branch  is  responsible  for  storage, 
distribution  and  computerized  inventory  maintenance  of  all  drug  products 
used  in  the  Clinical  Programs. 

TABLE  I 

RESOURCE  CONTRACTS  MONITORED  BY 
THE  PHARMACEUTICAL  RESOURCES  BRANCH 

Chemical  Preparation  9 

Radiol abel  Synthesis  2 

Pharmaceutical  Production  4 

Pharmaceutical  R&D  1 

Analytical  Services  2 

Drug  Distribution  _1 

Total  Resource  Contracts  19 

The  Branch  is  also  responsible  for  direct  purchase  of  chemicals  and  drug 
products  utilizing  NIH  procurement  services. 

A  formulation  research  laboratory  on  the  NIH  campus  is  operated  and  staffed 
by  the  Pharmaceutical  Resources  Branch.  This  laboratory  is  assigned  research 
projects  of  high  program  interest  which  present  difficult  drug  delivery 
problems.  Most  of  the  chemical  agents  developed  by  the  Laboratory  of 
Medicinal  Chemistry  and  Biology  are  assigned  to  this  laboratory.  This 
arrangement  facilitates  a  scientific  exchange  between  the  developer  and 
formal ator  and  a  team  approach  to  the  ultimate  product  design. 
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Branch  Staff 

The  Pharmaceutical  Resources  Branch  is  presently  staffed  with  six  senior 
professionals,  one  technical  and  two  clerical  personnel.  In  addition,  two 
Staff  Fellow  positions  are  assigned  to  the  Formulation  Laboratory.  The 
classification  of  the  senior  professionals  is  as  follows:  four  PHS  uommis- 
sioned  Corps  pharmacists;  one  analytical  chemist;  and  one  Ph.D.  medicinal 
chemist. 

The  Branch  consists  of  three  Sections: 

1.  Chemical  Resources  Section  -  Head,  Dr.  Robert  R.  Engle 

The  primary  functions  of  the  Chemical  Resources  Section  are  to  provide 
for  resynthesis,  large-scale  production  and  procur-ement  services  for 
acquisition  of  chemical  substances.  These  services  Are  accomplished  by 
the  management  and  supervision  of  a  contract  program  for  (a)  resynthesis 
of  small  quantities  of  bulk  substances  as  required  for  preclinical 
assessment  and  (b)  pilot  plant  production  of  various  q'lantities  of  bulk 
substances  intended  for  pharmaceutical  manufacture  of  clinical  investi- 
gational products.  The  Section  also  initiates  the  acquisition  of 
commercially  available  chemical  substances  through  NIH  procurement  con- 
tract procedures.  This  requires  the  preparation  of  stringent  material 
specifications  to  insure  that  high  quality  products  are  obtained. 

Another  major  function  of  the  Section  involves  the  management  of  a 
contract  program  to  prepare  and  distribute  radiolabeled  materials. 
These  materials  are  distributed  to  authorized  investigators  for  clinical 
pharmacology  and  other  related  studies. 

This  Section  supervises  nine  chemical  prep  lab  contracts  and  two  radio- 
label  synthesis  laboratory  contracts. 

2.  Analytical  and  Product  Development  Section  -  Head,  Mr.  James  C.  Cradock 

This  Section  is  responsible  for  the  quality  assessment  of  chemicals  and 
formulated  drugs  used  in  the  Division  of  Cancer  Treatment's  drug  evalua- 
tion program.  Analyses  are  conducted  by  contract  laboratories 
independent  of  chemical  or  formulated  drug  suppliers.  This  Section  is 
also  responsible  for  the  development  of  analytical  methodology  to 
determine  the  purity  of  chemicals,  potency  of  active  ingredients  in 
pharmaceutical  formulations,  stability  of  formulated  products  under 
accelerated  and  simulated  use  conditions  and  identification  of  impuri- 
ties and/or  degradation  products.  Other  evaluations  include  determina- 
tion of  partition  coefficients  for  use  by  other  DTP  components  in 
structure  activity  studies  and  application  of  analytical  techniques  to 
estimation  of  certain  compounds  in  biological  fluids.  Data  are  used  for 
preparation  of  analytical  profiles  of  bulk  drugs,  designation  of 
reference  samples  and  preparation  of  purchase  specifications  of  bulk 
chemicals. 


334 


A  second  major  function  of  the  Section  regards  the  development  of 
suitable  pharmaceutical  dosage  forms  for  clinical  trial.  Since  most 
preparations  are  intended  for  intravenous  use,  studies  are  undertaken  to 
assess  the  solubility  and  stability  in  a  variety  of  pharmaceutical 
vehicles.  New  approaches  to  enhance  solubility  are  emphasized  since  few 
suitable  methods  are  available  to  the  formulator  of  parenteral  products. 

Most  of  the  product  development  effort  is  conducted  under  contract  with 
the  Section  staff  serving  as  project  monitors.  In  addition,  an  intra- 
mural formulation  laboratory  supervised  and  maintained  by  this  Section 
is  investigating  methods  to  solve  drug  formulation  problems. 

This  Section  supervises  a  total  of  four  contracts:  two  analytical 
contracts;  one  formulation  research  contract;  and  one  small-scale 
production  contract.  A  request  for  contract  support  for  characteriza- 
tion and  evaluation  of  proteinaceous  substances  has  been  approved  with  an 
award  expected  in  late  FY  1980. 

3.  Clinical  Products  Section  -  Head,  Mr.  Larry  M.  Kleinman 

The  Clinical  Products  Section  is  responsible  for  production,  procurement 
and  distribution  of  pharmaceutical  dosage  forms  for  clinical  trial.  The 
activities  of  the  Section  involve  multi-contract  responsibilities  and 
management  of  several  million  dollars  in  drug  acquisition  expenses.  The 
Section  interacts  with  the  Drug  Regulatory  Affairs  Section  of  the 
Investigational  Drug  Branch,  CTEP,  DCT,  NCI. 

The  major  functions  include  management  of  three  pharmaceutical  produc- 
tion contracts;  management  of  a  clinical  drug  storage,  distribution  and 
computerized  inventory  contract  and  the  direct  purchase  of  all  clinical 
products  used  in  the  various  DCT  Programs. 

Investigational  product  literature  in  the  form  of  pharmaceutical  data 
sheets  is  prepared  by  the  Section.  Product  label  specifications  and 
designs  are  also  prepared  by  this  Section. 

In  addition  to  the  management  of  the  pharmaceutical  and  distribution 
resource  contracts,  this  Section  manages  a  sizeaole  intramural  budget 
for  the  direct  purchase  of  chemicals  and  formulated  products.  During 
this  reporting  period,  the  drug  purchase  expenditures  were  in  excess  of 
$5,000,000.00.  A  significant  amount  of  staff  time  is  expended  in  this 
area  in  preparing  purchase  specifications,  award  justifications  and 
periodic  budget  projections  throughout  the  year.  Several  types  of  NIH 
contract  mechanisms  are  utilized  for  these  procurement  actions  including 
bids  from  suppliers,  blanket  purchase  orders,  direct  purchase  contracts, 
etc. 

Goals  and  Accomplishments 

The  Branch  successfully  accomplished  its  objectives  during  this  reporting 
period  by  providing  efficient  chemical  and  pharmaceutical  services  to  the 
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Programs  of  the  Division  of  Cancer  Treatment.  For  example,  the  extramural 
contract  program  under  the  Branch  staff  supervision  provided  over  213 
kilograms  of  synthetic  chemical  substances  for  subsequent  formulation  into 
investigative  clinical  products.  Among  the  high  priority  chemical  sub- 
stances provided  include:  AMSA  (NSC-249992) ,  AZQ  (NSC-182980) ,  PALA  (NSC- 
224131),  methotrexate  (NSC-740)  and  others. 

In  addition  to  the  delivery  of  large  batch  preparations,  the  Chemical 
Resources  Section  assigned  145  panel  compounds  for  resynthesis.  The  delivery 
and  inventory  of  panel  compounds  was  coordinated  with  the  Drug  Synthesis  and 
Chemistry  Branch  and  an  effective  monitoring  system  for  these  substances  now 
exists.  During  this  reporting  period  the  Chemical  Resources  Section  also 
monitored  two  radiosynthesis  contracts  with  procurement  of  22  radiolabeled 
substances. 

The  Analytical  and  Product  Development  Section  continued  to  provide  superior 
analytical  contract  services  to  the  program.  In  addition  to  the  evaluations 
of  chemical  and  formulated  products,  the  analytical  contractors  assisted  the 
Natural  Products  Section  with  analytical  characterization  of  substances  they 
received.  The  Drug  Synthesis  and  Chemistry  Branch  has  also  been  assisted 
with  similar  problems  of  analytical  characterization  and  evaluation. 

The  Analytical  and  Product  Development  Section  developed  improved  analytical 
methods  for  amygdalin  and  tetrahydrocannabinol.  Work  is  in  progress  on  the 
improvement  and  development  of  optimal  human  delivery  systems  for  the 
cannabinoids  which  are  of  high  Program  interest  as  antiemetics  for  chemo- 
therapy induced  nausea  and  vomiting.  The  completion  of  an  experimental 
formulation  of  spir-ohydantoin  mustard  (NSC-172il2)  was  also  accomplished 
utilizing  a  complex  vehicle  system.  Five  publications  resulted  from  the 
laboratory  efforts  of  this  Section. 

The  pharmaceutical  production  activity  has  successfully  maintained  a 
clinical  inventory  of  high  quality  investigational  products  for  the  Division 
of  Cancer  Treatment  Program.  The  contractors  under  supervision  of  the 
Section  produced  over  600,000  injectable  units  and  over  2  million  oral  units 
for  clinical  trial.  Several  products  of  continued  high  interest  include: 
AMSA,  daunorubicin  (approved  for  commercial  sale  M.ay  1980),  azacytidine, 
methotrexate  and  hexamethylmelamine. 

The  quality  control  committee  on  chemicals  and  drug  products,  which  is  made 
up  of  senior  staff  tnembers  in  the  Branch,  played  a  key  role  in  reviewing 
analytical  and  manufacturing  reports  on  bulk  items  and  formulated  items. 
This  committee  has  invested  considerable  effort  in  developing  product 
specifications  for  new  investigational  materials. 

The  PRB  sponsored  a  two  day  contractors  workshop  on  Current  Good  Manufactur- 
ing Practices  and  legal  aspects  of  contract  drug  manufacturing.  The  workshop 
was  considered  very  successful  and  beneficial.  Additional  workshops  are 
being  planned. 
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The  Branch  continues  to  meet  all  new  challenges  with  interest  and  enthusiasm. 
Our  objective  is  to  be  prepared  to  meet  all  challenges  and  to  maintain  a 
contract  capacity  to  provide  efficient  and  productive  pharmaceutical  support 
to  the  Division  of  Cancer  Treatment  Program.  Two  major  clinical  programs 
that  will  involve  significant  Branch  coordinated  contract  efforts  include 
the  national  tetrahydrocannabinol  (THC)  antiemetic  program  and  the  clinical 
trials  program  with  amygdalin.  Both  programs  will  involve  large  scale 
projects  for  the  chemical  preparation  and  pharmaceutical  production  con- 
tracts. A  product  development  effort  for  improving  bioavailability  of  THC 
dosage  forms  will  be  continued  in  the  formulation  laboratory.  The  clinical 
distribution  of  THC  as  a  controlled  substance  presents  significant  logisti- 
cal problems  which  are  currently  being  assessed  with  the  Cancer  Therapy 
Evaluation  Branch. 

A  problem  of  continued  concern  is  the  increasing  number  of  poorly  soluble 
compounds,  particularly  natural  products,  that  when  solubilized  show  a  loss 
of  tumor  activity.  Several  such  compounds  showing  good  antitumor  activity 
when  administered  in  suspension  (I. P. /I. P.)  exhibit  greater  toxicity  and 
diminished  activity  when  solubilized  and  administered  intravenously.  This 
problem  will  be  given  considerable  attention  during  the  next  year  with  the 
hope  of  increasing  the  number  of  new  agents  for  clinical  trial. 
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CHEMICAL  RESOURCES  SECTION 
PHARMACEUTICAL  RESOURCES  BRANCH 


Scope 

The  function  of  the  Chemical  Resources  Section  is  to  procure  bulk  chemicals 
and  drugs  for  conf irmational  and  other  testing,  toxicological  and  pharmaco- 
logical evaluation,  and  clinical  trials  in  humans;  and  to  procure  radio- 
labeled materials  for  pharmacology,  clinical  pharmacology  and  related 
studies.  The  function  of  the  Section  is  achieved  through  the  management  and 
supervision  of  a  contract  program  for  the  preparation  of  various  quantities 
of  bulk  chemicals  and  drugs  and  radiolabeled  materials,  and  the  acquisition 
of  commercially  available  chemical  substances. 

Staff 

The  staff  of  the  Chemical  Resources  Section  consists  of  one  professional 
person  and  a  secretary.  The  professional  staff  member  serves  as  the  project 
officer  on  the  various  contract  activities  of  the  Section. 

Preparative  Activities 

The  resynthesis  or  preparation  laboratories  are,  in  the  strictest  sense, 
service  laboratories  and  are  designed  and  selected  to  prepare  known  chemicals 
and  bulk  drugs  which  are  needed  by  the  Program.  The  compounds  selected  for 
preparation  a'^e  not  i^eadily  available  in  the  quality  or  quantities  needed 
from  the  original  supplier  or  on  the  open  market. 

These  laboratories  are  also  used  to  obtain  data  for  the  preparation  of  the 
necessary  quantities  of  clinically-important  chemicals  and  to  develop  the 
most  economical  means  for  their  preparation.  It  should  be  pointed  out  that 
many  methods  of  synthesis  which  are  practical  for  small  quantity  are  not 
technically  feasible  or  economically  practical  when  used  for  a  large  scale 
synthetic  operation  or  for  radiolabel  synthesis.  The  conversion  of  small- 
scale  to  large-scale  production  often  requires  developmental  studies  which 
are  conveniently  carried  out  by  the  preparation  laboratories.  Solubility  and 
stability  studies,  and  cost  data  are  also  provided  by  these  contractors. 

The  increased  emphasis  in  clinical  investigations  has  caused  a  change  in  the 
preparation  activities.  The  increased  effort  being  devoted  to  toxicological 
and  clinical  studies  has  resulted  in  the  need  for  larger  quantities  of  the 
compounds  prepared  by  this  program.  Also,  the  decision  to  evaluate  a  larger 
number  of  compounds  demonstrating  confirmed  activity  in  the  initial  screen- 
ing in  the  tumor  panel  has  also  resulted  in  the  need  for  larger  quantities  of 
the  compounds  being  synthesized  for  preclinical  evaluation.  This  change  in 
emphasis  has  been  handled  by  the  preparation  laboratories  without  difficul- 
ty. 
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The  preparation  laboratories,  taken  collectively,  provide  the  means  of 
obtaining  nearly  any  type  of  chemical  compound,  regardless  of  structure,  and 
the  ability  of  providing  large  quantities  of  \/ery   high  purity  drugs. 

1 .  Bulk  Chemicals  and  Drugs 

The  compounds  chosen  for  resynthesis  at  the  preparation  laboratories  are 
assigned  for  resynthesis  for  five  major  reasons:  (a)  clinical  investi- 
gations; (b)  preclinical  toxicological  and  pharmacological  evaluation; 
(c)  maintaining  a  stock  of  chemicals  of  clinical  and  preclinical 
interest;  (d)  completion  of  screening  or  conf irmational  testing;  and 
(e)  use  as  intermediates  in  further  synthesis.  The  compounds  so  chosen 
are  placed  on  priority  lists  based  upon  their  relative  importance,  with 
clinical  compounds  given  top  rating.  The  quantity  of  a  given  material  to 
be  resynthesized  may  vary  from  1  gram  to  multikilograms.  Factors 
governing  the  amounts  depend  upon:  use,  ease  of  preparation,  stability, 
and  cost.  Materials  of  high  quality  are  prepared  in  the  preparation 
laboratories.  Every  effort  is  made  to  safeguard  the  patient  in  the 
quality  of  the  drugs  used. 

The  Chemical  Resources  Section,  through  the  preparative  laboratories, 
directed  the  resynthesis  of  284  compounds  totaling  268  kilograins  during 
this  report  period.  Included  in  this  group  were  20  compounds  scheduled 
for  or  undergoing  clinical  evaluation  totaling  213  kilograms,  and  145 
panel  compounds.  In  addition  to  the  compounds  resynthesized,  78  new 
compounds  were  also  prepared  by  the  preparative  laboratories.  The 
Section  also  purchased  7  compounds  scheduled  for  or  undergoing  clinical 
evaluation  totaling  more  than  370  kilograms. 

During  this  report  period,  large  quantities  of  Methotrexate  (NSC-740) 
(84  Kg),  Methyl  G  (NSC-32946)  (27  Kg),  Pentamethylmelamine  (NSC-1 18742) 
(28  Kg)  and  PALA  (NSC-224131)  (24  Kg)  were  prepared  by  the  preparation 
laboratories.  The  Methotrexate  was  prepared  via  the  new  procedure 
devised  by  Southern  Research  Institute  and  developed  by  the  preparation 
laboratories.  The  Methotrexate  prepared  has  been  of  very  high  quality 
and  it  has  been  prepared  at  a  very  reasonable  cost.  The  procedure  for 
the  preparation  of  high  quality  PALA  in  large  quantities  has  been 
developed  by  the  preparation  laboratories.  In  addition,  the  preparation 
laboratories  prepared  the  large  quantity  of  the  two  key  intermediates 
required  for  the  preparation  of  the  large  quantities  of  PALA  needed  for 
clinical  studies.  These  key  intermediates  were  not  available  in  the 
quality  or  quantity  needed  from  other  sources.  In  addition,  the  prepara- 
tion laboratories  responded  rapidly  to  the  preparation  of  large  amounts 
of  several  other  high  priority  materials  needed  by  the  Program,  such  as, 
AMSA  (NSC-249992),  Azapicyl  (NSC-68626),  the  Dihydrotr iazine  derivative 
(NSC-127755),  DL-Amygdalin  (iNSC-251222) ,  DHAQ  (NSC-279836) ,  AZQ  (NSC- 
182986),  5-Methyltetrahydrohomofolic  acid  (NSC-139490)  and  pure  Carbonic 
dihydrazide  (iMSC-201628). 
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The  Section  directed  nine  contract  laboratories  for  the  preparation  of 
materials  needed  by  the  Program  (Table  11). 


TABLE  II 

CONTRACT  LABORATORIES  FOR  PREPARATION 
OF  CLINICAL  AND  EXPERIMENTAL  COMPOUNDS 


Contractor 


Aldrich  Chemical  Company 
Ash  Stevens,  Inc. 
Ash  Stevens,  Inc. 
Cordova  Chemical  Company 
Monsanto  Research  Corporation 
Pharm-Eco  Laboratories,  Inc. 
Starks  Associates,  Inc. 
Starks  Associates,  Inc. 
Warner-Lambert/Parke-Davis 


Investigator 

Contract  No. 

Szabo 

NOl-CM-87202 

Ash 

N01-CM-57012 

Markovac 

NOl-CM-87204 

Olsen 

NOl-CM-87201 

El  lard 

NOl-CM-97255 

Draper . 

NOl-CM-87200 

Parsons 

NOl-CM-87203 

Vizine 

NOl-CM-53759 

Cook 

,N01-CM-87124 

Radiolabeled  Materials 

The  Section  coordinates  the  procurement  and  distribution  of  radiolabeled 
chemicals  and  drugs  for  pharmacological  and  drug  distribution  studies. 
Materials  not  available  from  commercial  sources  are  prepared  by  contract 
preparative  laboratories.  These  contracts  also  handle  the  storage  and 
distribution  and  perform  the  necessary  analytical  work  for  all  labeled 
materials,  whether  prepared  under  the  contracts  or  acquired  from  other 
sources.  All  requests  for  radio-active  materials  are  reviewed  by  a 
committee  in  relation  to  proposed  use  prior  to  assignment  to  the  con- 
tracts for  procurement  and/or  shipnent.  All  materials  are  checked  for 
purity  prior  to  shipment  and  repurif ied  if  necessary  before  shipping.  A 
total  of  22  radiolabeled  materials  (Table  III)  have  been  procured  from 
all  sources.  One  hundred  seventy-six  shipments  of  radio-active  sub- 
stances were  made  during  this  report  period. 
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TABLE  III 
RADIOLABELED  MATERIALS  PROCURED 

NSC  No.  Compound  Label 

740  Methotrexate  '^H  (3', 5', 7) 

7359  9- (3-D-Xy1ofuranosyl) adenine  C  (8) 

14 
7365  6-Diazo-5-oxo-L-norleucine  C  (6) 

(DON) 

8806  Melphalan  ^C  (Ethylene) 

12875  Hexainet'nylmelamine  C  (2,4,6) 

32945  Methylglyoxal-bis(guanyl-  C  (guanyl) 

hydrazone  dihydrochloride 

monohydrate 

51143  2,3-0ihydro-lH-Imidazo(l,2b)         ^^C   [2,3] 

pyrazole 
(IMPY) 

63878  1-(i:;-D-Arabinofuranosyl)  ^^C  (2) 

cytosine 
(Ara-C) 

3 

67574  Vincristine  H  (General) 

79037  l-(2-Chloroethyl)-3-cyclo-  ^^C  (cyclohexyl-1 ) 

hexyl-1 -nitrosourea 

(CCNU) 

95466  l-(2-Chloroethyl)-2-(2,6-  ^"^C  (Ethylene) 

di 0X0-3- piper  id inyl)-l - 
nitrosourea 
(PCNU) 

102816  5-Azacytidine  ^^C  (4) 

123127  Adriamycin  ^"^C  (14) 

127755  Ethanesulfonic  acid,  compd.  with       C  (triazin-9,6) 

3-chloro-4-L4-:2-chloro-4-(4,5- 
diamino-2,2-dimethyl-s-tria2in- 
1 (2H)-yl) phenyl] butyl;  benzene- 
sulfonyl  fluoride  (1:1) 
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NSC  No. 
139490 

178248 
132985 


213321 
219733 
261036 

262666 

296961 


TABLE  III  (Cont'd) 
RADIOLABELED  MATERIALS  PROCURED 

Compound 

5-Methyl -5,6,7, 8-tetrahydro- 
homofolic  acid  disodium  salt 

Chlorozotocin 

2,5-Bis(l-aziridinyl)-3,6- 
dioxo-1 ,4-cyclohexadiene- 
1,4-dicarbafnic  acid,  diethyl 
ester 
(AZQ) 

2' -Deoxycoformycin 
(Pentostatin) 

N,N'-Di-9-acridinyI-l,6- 
hex ad i amine 

3-(2-Nitro-lH-imidazol-l-yl)- 

1,2-propanediol 

(DMM) 

1 ,4-Bis(2-ch1oroethyl )-1 ,4- 
diazoniabicyc^o(2.2.^)heptane 
dimaleate 

s-  L2-(3-Afninopropylamino)- 
ethyljphosphorothioic  acid 
(WR-2721) 


Label 


14 


C  (methyl) 


14 


14 


C  (Glucose-1) 
C  (2,3,5,6) 


n-l  (3 
14 


C  (acridinyl-9) 


14 


C  (imidazol-2) 


14 


C  (heptane-7) 


14 


C  (ethyl-1,2) 


The  Section  directed  t/vo  contracts  devoted  to  the  procurement  of  radiolabeled 
materials  (Table  IV). 

TABLE  IV 

CONTRACT  LABORATORIES  FOR 
PREPARATION  OF  RADIOLABELED  MATERIALS 


Contractor 

Research  Triangle  Institute 

SRI  International 


Investigator 

Kepler 

Leaffer 


Contract  No. 
NOl-CM-97313 
NOl-CM-97255 
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Contractors  Workshop 

During  this  report  period  a  Pharmaceutical  Resources  Branch  Contractors 
Workshop  was  held  with  representatives  from  all  the  Section's  contractors  in 
attendance.  The  theme  of  the  Workshop  was  FDA  regulations  and  Current  3ood 
Manufacturing  Practices  (CGMP).  Invited  speakers  discussed  various  aspects 
of  the  FDA  regulations  and  CGMP,  including  the  legal  responsibilities  of  the 
contractors.  In  addition  the  Section  Staff  had  an  opportunity  to  review 
administrative  procedures  and  to  inform  the  contractors  of  changes  in  the 
Program,  A  favorable  response  to  this  workshop  was  expressed  by  all  in 
attendance  and  the  contractors  requested  that  additional  workshops  of  this 
type  be  held.  Additional  workshops  of  this  type  are  being  planned. 
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CLINICAL  PRODUCTS  SECTION 
PHARMACEUTICAL  RESOURCES  BRANCH 

Scope 

The  responsibilities  of  the  Clinical  Products  Section  include  the  following: 

1.  Production,  packaging  and  labeling  of  inv'estigational  dosage 
forms; 

2.  Procurement  by  direct  purchase  of  formulations  for  clinical 
use; 

3.  Shelf  life  surveillance  of  all  clinical  dosage  forms; 

4.  Preparation  of  FDA-IND  attachments  1,  2,  3,  4,  5  and  7  for 
subsequent  submission  to  the  Food  and  Drug  Administration; 

5.  Preparation  of  Investigational  Drug  -  Pharmaceutical  Data 
Sheets  for  Clinical  Brochures,  IND's  etc; 

5.  Management  of  a  computerized  clinical  drug  inventory  system; 

7.  Storage  and  distribution  of  clinical  dosage  forms. 

Staff 

The  staff  of  the  Clinical  Products  Section  consists  of  two  senior  profes- 
sionals and  one  purchasing  clerk.  The  professional  staff  members  are  PHS 
Commissioned  Corps  Pharmacists  and  serve  as  project  officers  on  the  various 
contract  activities  of  the  Section. 

Production  and  Packaging  of  Investigational  Drugs 

The  Section  has  the  responsibility  to  provide  adequate  quantities  of  formu- 
lated drugs  to  the  clinical  programs.  The  production  of  investigational 
dosage  forms  is  mainly  performed  by  contract  agreements  with  qualified 
pharmaceutical  firms.  The  production  output  of  investigational  dosage  forms 
for  the  period  covered  by  this  report  remained  at  a  high  level  of  effort.  The 
formulation  contractors  produced  a  combined  total  of  663,384  parenteral 
doses  and  26,782  bottles  of  tablets  and  capsules  (2,216,500  oral  doses). 
Production  output  which  is  dictated  by  clinical  needs  remained  constant 
during  this  reporting  period.  The  production  contractors  have  been  able  to 
meet  the  program's  needs  for  a  variety  of  formulated  products.  Five 
contracts  were  monitored  by  the  Clinical  Products  Section. 
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TABLE  VII 
CONTRACTS  MONITORED  BY  THE  CLINICAL  PRODUCTS  SECTION 


Contractor  Investigator  Contract  No. 

Ben  Venue  Laboratories,  Inc.  Wickes  NOl-CM-97298 

Philips  Roxane  Laboratories,  Inc.  LaRowe  N01-CM-67053 

Elkins-Sinn,  Inc.  Reese  NOl-CM-57103 

Flow  Laboratories,  Inc.*  Miller  NOl-CM-57088 

Yamanouchi  Pharmaceutical  Co.,  Ltd.  Kawata  NOl-CM-97307 

*Responsible  for  clinical  drug  storage  and  distribution  and  operation  of  a 
computerized  clinical  drug  inventory  system. 

Several  investigational  products  are  provided  by  pharmaceutical  companies  on 
a  cost  sharing  basis.  These  products  are  usually  provided  in  return  for 
access  to  clinical  data  generated  by  the  studies.  The  dosage  forms  are 
prepared  from  specifications  which  are  established  by  mutual  agreement 
between  the  Branch  and  the  manufacturers.  During  the  period  of  this  report, 
the  following  companies  supplied  a  total  of  99,150  parenteral  units  as  well 
as  30,446  tablets  and  capsules  as  part  of  this  joint  effort: 


Eli  Lilly  and  Company,  USA  NSC-143095 

Adria  Laboratories,  USA  iMSC-246131 

Wellcome  Foundation,  England  NSC-220537 

Janssen  Pharmaceuticals,  USA  NSC-177023 

Rhodia,  Inc.,  France  NSC-164011 

Hoffman-LaRoche,  USA  NSC-251037 

Lederle  Laboratories  NSC-301739 


Pyrazofurin,  isoniazid 

AD  32 

Corynebacterium  Parvum 

Levamisole 

Rubidazone 

Misonidazole 

Oihydroxyanthracenedione 
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Purchase  of  Dosage  Forms 

Another  function  of  the  Section  involves  the  direct  purchase  of  formulated 
products.  These  items  fall  into  two  categories:  (1)  investigational 
products;  and  (2)  commercial  products.  Investigational  products  are  usually 
manufactured  according  to  NCI  specifications  and  sold  to  NCI  on  a  cost 
reimbursement  basis.  Commercial  products  are  items  available  for  open 
purchase.  Procurement  of  all  direct  purchased  dosage  forms  is  handled 
through  the  NIH  Procurement  Branch.  Several  procurement  mechanisms  are  used 
depending  on  such  factors  as  the  type  of  product,  the  quantity  required  and 
the  priority  for  clinical  need. 

A  total  of  449,128  injectable  units  and  22,330  bottles  of  tablets  and/or 
capsules  (2,165,150  oral  doses)  of  direct  purchase  items  at  a  cost  of 
$3,280,773.53  were  obtained  during  this  reporting  period.  An  additional  sum 
of  $1,591,708.25  was  used  for  the  acquisition  of  bulk  chemicals  and  natural 
products.  All  suppliers  are  required  to  provide  a  certificate  of  analysis  on 
each  lot  of  drug  purchased.  Bulk  chemicals  and  natural  products  are  assayed 
by  private  contractors  to  ascertain  whether  or  not  requested  specifications 
are  met.  The  data  are  reviewed  prior  to  release  for  clinical  use  or 
formulation,  respectively. 

The  table  below  summarizes  the  procurement  activities  of  the  Clinical 
Products  Section. 

TABLE  VIII 

DRUG  ITEMS  PROCURED 

Capsules/Tablets  Injectables 

Produced  by  Cont>"actors                                     2,216,500  663,384 

Contributed  or  Cost  Sharing              99,150  30,446 

Purchased  Investigational  Units          None  239,072 

Purchased  Co;nmercid]  Units  2,165,150  21_q,_q56 

4,480,800  1,142,958 

Tiie  Clinical  l^roducts  Section  is  responsible  for  the  disbursement  of  funds 
from  CAN  ??0-8322759.  This  account  is  used  for  acquisition  of  products 
intended  for  clinical  trial  which  include  natural  products,  bulk  chemicals 
and  clinical  products.  Several  emergency  drug  requisitions  were  placed  that 
had  not  been  in  the  original  budget  [i.e.,  thymidine;  cis-diamminedichloro 
platinum,  10  mg  vials;  and  tetrahydrocannibinol  (THC)]  .  Careful  monitoring 
oT  procurement  is  essential  since  the  operational  budget  of  $5,000,000  (FY 
79)  is  below  the  projected  requirement. 
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Quality  Assessment  of  Clinical  Dosage  Forms 

Each  lot  of  formulated  drug  must  pass  quality  assessment  critsria  prior  to 
release  for  clinical  trials.  The  Clinical  Products  Section  in  collaboration 
with  the  other  two  Sections  in  the  Branch,  maintains  a  strict  assessment 
program  designed  to  Insure  that  each  batch  of  formulated  material  meets  the 
criteria  for  strength,  quality  and  purity.  Parenteral  products  are  tested 
for  potency,  sterility,  safety,  pyrogenicity,  etc.,  while  oral  formulations 
are  tested  for  potency,  content  uniformity,  weight  variation,  hardness, 
disintegration,  dissolution,  etc.  All  products  are  tested  for  potency  by  the 
formulator  with  random  testing  being  conducted  by  an  analytical  contractor. 
All  new  dosage  forms  and  all  first  production  batches  of  a  new  formulator  are 
routinely  submitted  to  din  analytical  contractor  to  verify  the  accuracy  of  tne 
f ormul ator. 

The  pharmaceutical  contractors  are  requested  to  perform  compatibility  and 
stability  studies  on  reconstituted  and  diluted  solutions  of  parenteral 
investigational  dosage  forms.  These  studies  are  designed  to  simulate  the 
conditions  found  in  the  clinical  setting.  The  data  generated  is  assembled 
and  is  summarized  in  the  format  of  an  Investigational  Drug  -  Pharmaceutical 
Data  sheet  which  is  incorporated  into  the  Clinical  Brochure. 

The  Clinical  Products  Section  maintains  a  shelf  life  surveillance  program  on 
all  lots  of  contractor  produced  investigational  dosage  forms.  Random  samples 
of  each  lot  are  stored  under  specified  controlled  conditions  and  are  assayed 
for  chemical  and/or  physical  change.  The  stability  schedule  has  been 
modified  to  conform  to  guidelines  proposed  by  the  Food  and  Drug  Administra- 
tion to  establish  an  expiration  date  for  a  product.  Three  lots  of  a  product 
will  be  followed  under  accelerated  conditions  (Schedule  A).  These  lots  will 
be  followed  for  a  period  of  four  years.  In  addition,  a  sampling  of  each  lot 
of  drug  produced  by  a  contractor  will  be  retained  for  two  years  beyond  its 
expiration  date.  This  will  insure  that  an  adequate  number  of  samples  3.re 
available  to  repeat  any  testing  required. 

Preparation  of  Investigational  Drug  -  Pharmaceutical  Data  Sheets 

The  Clinical  Products  Section  is  responsible  for  the  preparation  of  pharma- 
ceutical data  sheets  for  all  investigational  dosage  forms  used  in  the 
program.  The  data  sheets  are  used  in  the  preparation  of  Clinical  Brochures 
and  are  disseminated  to  health-care  practitioners.  These  data  sheets  provide 
product  descriptions,  reconsti tution  and  stability  information  and  precau- 
tions in  handling  the  products.  These  data  sheets  are  updated  as  new 
stability  data  become  available. 
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FDA-IND  Submissions 

The  Clinical  Products  Section  also  prepares  Investigational  New  Drug  (IND) 
Attachments  I,  II,  III,  V  and  VII  (labels)  for  submission  to  the  Investi- 
gational Drug  Branch,  CTEP,  DCT,  NCI  for  FDA-IND  filing.  These  attachments 
contain  manufacturing,  control,  packaging  and  labeling  data  required  for  the 
investigational  dosage  forms.  During  the  reporting  period,  the  Section 
prepared  attachments  for  seven  original  IND's  and  numerous  amended  IND's. 

Significant  Accomplishments 

The  pharmaceutical  production  contractors  of  the  Section  were  able  to  meet  an 
increased  clinical  demand  for  several  high  interest  drugs. 

The  production  contractors  produced  over  76,815  vials  of  cis-diamminedi- 
chloroplatinum  (II)  (10  mg  and  25  mg);  over  106,235  vials  of  methotrexate 
(all  strengths);  85,528  vials  of  daunorubicin;  55,542  vials  of  calcium 
leucovorin;  and  46,719  vials  of  5-azacytidine. 

The  Clinical  Products  Section  has  been  developing  a  dialog  with  pharmacists, 
physicians  and  other  health  care  practitioners  participating  in  Clinical 
Oncology  Programs  at  the  various  cancer  centers.  This  dialog  has  resulted  in 
a  timely  exchange  of  information  beneficial  to  both  parties.  This  informa- 
tion is  especially  important  with  drugs  undergoing  phase  I  and  phase  II 
clinical  trials. 

This  activity  involved  the  distribution  of  over  600  packets  of  Pharmaceutical 
Data  Sheets  and  the  handling  of  10-15  inquiries  per  week.  This  year  the 
Section  had  the  Pharmaceutical  Data  Sheets  printed  as  a  book.  The  response 
from  the  field  has  been  \/ery   enthusiastic. 

The  FDA's  new  Good  Manufacturing  Practice  regulations  require  that  all  drug 
products  bear  an  expiration  date.  The  Clinical  Products  Section  has  estab- 
lished expiration  dates  for  many  of  the  products.  The  only  drugs  that  bear  a 
preparation  date  are  those  undergoing  phase  I  trial  where  not  enough  data  is 
available  to  support  an  expiration  date. 

The  Staff  of  the  Clinical  Products  Section  participated  in  the  first  Insti- 
tute on  Oncology  Pharmacy  Practice  sponsored  by  the  American  Society  of 
Hospital  Pharmacy.  The  Staff  presented  two  poster  presentations. 
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ANALYTICAL  AND  PRODUCT  DEVELOPMENT  SECTION 
PHARMACEUTICAL  RESOURCES  BRANCH 


The  analytical  chemistry  and  dosage  form  development  activities  are  merged 
into  one  Section  within  tiie  Pharmaceutical  Resources  B>"anch.  Major  responsi- 
bilities of  the  Section  fall  into  two  distinct  categories: 

I .  Analytical  Chemistry 

a.  Develop  suitable  methodology  for  the  analysis  and  characterization 
of  bulk  chemicals,  and  pharmaceutical  dosage  forms, 

b.  Assess  the  quality  of  bulk  chemicals  and  pharmaceutical  dosage 
forms  used  in  the  Developmental  Therapeutics  Program. 

c.  Develop  specifications  for  use  in  procurement  of  bulk  chemical 

agents. 

d.  Serve  as  a  repository  for  all  methods  of  preparation  and  analytical 
characterization  of  bulk  chemicals.  The  data  are  summarized  in  a 
Chemical  Information  Sheet  and  made  available  to  investigators 
using  these  materials. 

II .  Dosage  Form  Development 

a.  Characterize  the  pharmaceutical  properties  of  new  chemical  agents, 
develop  dosage  fo'^ms,  and  evaluate  any  chemical  and/or  physical 
changes  unde'"  simulated  use  conditions. 

b.  Develop  new  approaches  for  enhancing  solubility  and  stability  of 

selected  antit^imor  anents. 

This  Section  is  staffed  by  one  pharmacist,  one  analytical  chemist  and  two 
staff  fellows. 

H.   nnalyt  icai  ..nem;  st'^y 

Clinical  and  preclinical  evaluations  of  antitumor  agents  require  availabili- 
ty of  bulk  chemicals  and  pharmaceutical  dosage  forms  of  highest  quality. 
These  mste-^ials  ■ijst  he  sjbjected  to  rigorous  assessment  of  their  identity, 
pu'-ity  and  quantitative  composition  by  definitive  analytical  methods. 
Analyses  are  conducted  by  contract  laboratories  independent  of  chemical  or 
formulated  drug  suppliers.  The  analytical  data  are  utilized  for  a  number  of 
chemical  and  pharmaceutical  applications  within  the  Pharmaceutical  Resources 
Branch  incliiding: 

I;  Preformu lat  ion  assessment  of  solubility  and  stability  as  well  as 
analytical  characterizations  that  are  of  benefit  in  the  design  of 
dosage  form  development  studies. 
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2)  Establishment  of  procurement  specifications  for  bulk  chemicals 
acquired  on  a  bid  basis. 

3)  Assembly  of  analytical  data  on  bulk  drug  substances  and  pharmaceu- 
tical dosage  forms  for  submission  to  the  Food  and  Drug  Administra- 
tion. Analytical  data  are  retained  on  all  bulk  materials  used  in 
clinical  trial  under  the  sponsorship  of  the  Division  of  Cancer 
Treatment. 

In  addition,  information  acquired  from  these  analytical  laboratories  is 
condensed  into  a  "Chemical  Information  Sheet".  This  compilation  is  a  part  of 
the  Clinical  Brochure  which  is  distributed  to  the  various  investigators.  The 
data  provide  information  on  the  characterization  of  the  drug  substance,  serve 
as  a  guide  for  safe  handling  during  storage  and  shipping,  and  supply 
preliminary  chemical  and  solubility  data  potentially  applicable  to  extrac- 
tion and  estimation  of  the  drug  in  biologic  samples. 

The  determination  of  the  purity  of  a  new  chemical  entity  is  often  an  analy- 
tical research  problem  requiring  the  use  of  a  combination  of  sophisticated 
techniques  as  well  as  consideration  of  the  stability  of  the  compound  and  its 
possible  contaminants  or  decomposition  products.  Among  the  techniques  that 
are  most  commonly  used  in  drug  analysis  are:  spectroscopic  (ultraviolet, 
visible,  infrared  and  nuclea"^  magnetic  resonance),  chromatographic  (paper, 
thin  layer,  high  pressure  liquid,  and  gas-liquid)  and  titnmetric  (aqueous 
and  potentiometric) .  In  addition  to  the  above,  elemental  microanalysis  is 
carried  out.  Where  applicable,  optical  rotation,  optical  rotatory  disper- 
sion, refractive  index,  functional  group  assay,  degree  of  hydration  or 
solvolysis  determinations  and  the  preparation  of  derivatives  are  performed. 
Chromatographic  procedures  are  most  useful  in  the  detection  of  impurities. 
In  certain  instances,  the  impurities  are  isolated  and  characterized  by 
comparison  of  chromatographic  mobility  with  known  substances  and  spectro- 
scopic assessments  similar  to  those  used  for  the  bulk  drug. 

An  analytical  reference  sample  program  has  been  in  operation  for  four  years. 
One  bulk  lot  is  designated  as  the  reference  and  made  available  primarily  to 
contractors  within  the  Pharmaceutical  Resources  Branch.  This  batch  is  of 
high  quality  and  is  selected  on  the  basis  of  chemical  purity  from  two  or 
three  lots  of  comparable  size.  The  analyst  compa-^es  subsequent  batches  of 
bulk  drug  with  the  reference  using  definitive  methods. 

Assistance  was  also  extended  to  the  formulation  facilities  and  the  prepara- 
tion laboratories  with  their  analytical  and  formulation  problems  concerning 
compounds  of  interest  to  the  program. 

During  this  year,  there  were  179  analytical  reports  on  66  different  com- 
pounds. These  reports  consisted  of  the  analysis  of  132  lots  of  bulk 
chemicals  of  clinical  interest  and  47  lots  of  clinical  formulations. 
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Analytical  services  are  provided  by  two  analytical-quality  control  contract 
laboratories.  Also,  elemental  analyses  are  obtained  under  a  purchase 
agreement  from  Micro  Analysis,  Inc.  These  contracts  provide  the  necessary 
expertise  to  characterize  the  chemically  diverse  group  of  compounds  under 
study  by  NCI.  Most  of  the  sixty-six  compounds  analyzed  this  year  were 
obtained  synthetically  (50).  Products  of  plant  extraction  (6)  or  fermenta- 
tion (10)  were  also  analyzed. 

In  common  with  other  pharmaceutical  analysis  activities,  high  performance 
liquid  chromatography  plays  a  critical  role.  Since  most  organic  pharma- 
ceuticals contain  a  chromophore,  ultraviolet  absorbance  provides  a  sensitive 
handle  to  detect  the  eluted  compounds  in  the  presence  of  impurities  or 
degradation  products.  Although  this  approach  is  not  suitable  for  compounds 
with  weak  or  no  absorption  peaks,  end  absorption  was  successfully  exploited 
by  the  SRI  International  contract  to  develop  HPLC-UV  methods  for  the  detec- 
tion of  cis-diamminedichloroplatinum,  disodium  PALA,  WR-2721  and  other 
poorly  absorbing  compounds.  The  availability  of  variable  wavelength 
detectors  in  the  200-220  nm  region  yield  a  sensitive  procedure. 

Two  analytical-quality  control  contract  laboratories  are  listed  in  Table  V. 
These  contracts  are  essential  to  insure  that  high  quality  pharmaceuticals  are 
provided  for  NCI  sponsored  clinical  investigations  and  to  meet  the  increas- 
ingly detailed  and  complex  Federal  regulations  applicable  to  all  sponsors  of 
clinical  trials  involving  pharmaceuticals.  Also,  a  small  conti^act  has  been 
established  with  South  Mountain  Laboratories,  Inc.  to  provide  additional 
sterility,  pyrogen  and  safety  test  capabilities  to  the  Pharmaceutical 
Resources  Branch.  This  contract  enables  PRS  to  independently  conduct 
sterility  and  pyrogen  tests  on  contractor  produced  and  purchased  materials  in 
the  same  manner  used  for  chemical  assessment  of  bulk  chemicals  and  pharma- 
ceutical dosage  forms. 

TABLE  V 

CONTRACT  LABORATORIES  FOR  ANALYTICAL  CHEMISTRY 

Contractor                  Investigator  Contract  No. 

Midwest  Research  Institute       Helton  NOl-CM-87234 

SRI  International              Lim  NOl-CM-87183 

B.   Dosage  Form  Development 

Dosage  form  development  activities  usually  commence  after  a  potential  anti- 
tumor agent  has  met  DN2A  criteria.  However,  resources  in  the  product 
development  area  have  been  employed  during  the  past  year  to  study  formulation 
properties  of  analgesics  used  to  manage  pain  in  terminal  cancer  patients  and 
to  develop  bioavailable  dosage  forms  of  the  antiemetic  delta-9-tetrahydro- 
cannabinol.  Both  topics  are  described  in  subsequent  portions  of  this  report. 
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The  first  approach  to  development  involves  an  evaluation  of  existing  physical 
and  chemical  data  as  well  as  in  vivo  route  and  regimen  studies  in  rodents. 
These  results  serve  to  define  the  scope  of  the  formulation  problem.  Rela- 
tively straight-forward  development  projects  are  assigned  directly  to  the 
contract  laboratory  equipped  with  production  capabilities.  The  contractor  is 
provided  with  such  information  as  chemical  data,  estimated  dose  and  intended 
route  of  administration.  Consultation  with  the  Project  Officer  is  carried 
out  regarding  formulation  approaches.  The  chemical  is  subjected  to  solubili- 
ty and  stability  studies  in  a  selected  group  of  physiologically  acceptable 
vehicles.  An  analytical  method  (usually  HPLC)  is  devised  for  detection  of 
the  parent  compound  in  the  presence  of  excipients  and/or  degradation  prod- 
ucts. The  influence  of  pH,  temperature,  light,  oxygen,  packaging  components 
and  pharmaceutical  additives  is  assessed  on  the  stability  of  drug  solutions. 
Pilot  batches  are  then  prepared  under  conditions  simulating  production 
scale.  Physical  and  chemical  stability  of  the  dosage  form  is  assessed  under 
accelerated  and  simulated  use  conditions. 

Problem  areas  in  parenteral  dosage  form  development  directed  to  intravenous 
administration  are  generally  due  to  inadequate  water  solubility  or  instabil- 
ity of  the  agent  of  interest.  Since  biologically  suitable  solubilization 
techniques  are  limited,  new  approaches  are  investigated  in  the  Pharmaceuti- 
cal Resources  Branch's  formulation  laboratory  (see  Project  ZOl  CM  03584- 
06  PRB)  and  under  a  contract  with  the  University  of  Kansas.  During  the  past 
year,  the  University  of  Kansas  has  investigated  five  compounds  including 
rapamycin,  carbonic  dihydrazide  and  valinomycin.  All  compounds  presented 
significant  solubility  problems.  Pharmaceutical ly  acceptable  formulation 
approaches  were  developed  for  taxol  and  NSC-219733,  a  bis  diacridine  deriva- 
tive. 

The  University  of  Iowa  contract  provides  both  sophisticated  product  develop- 
ment capability  and  production  capacity  for  sterile  freeze  dried  dosage 
forms,  small  and  large  scale  sterile  solutions  plus  tablets  and  capsules  for 
oral  use.  The  production  capacity  is  usually  adequate  to  meet  requirements 
for  large  animal  toxicity  testing  or  phase  I  clinical  trial.  During  the  past 
year  they  have  developed  formulations  for  Fluoroadenine  arabinoside  mono- 
phosphate, dibutyryl cyclic  AMP,  the  quinazoline  antifol  JBll,  NSC-296934 
(Henkel's  Compound)  and  a  placebo  for  diamorphine  and  morphine.  Initial 
production  batches  were  prepared  for  desmethylmisonidazole  (capsules  and 
freeze  dried)  dosage  forms,  adenine  arabinoside  5'-phsophate  disodium  injec- 
tion, a  sterile  solution  of  Poly  ICLC  and  two  strengths  of  AMSA  capsules. 
Dosage  form  development  and  manufacturing  data  will  be  used  in  support  of  IND 
applications.  These  projects  reflect  the  versatility  of  this  contractor  in 
dosage  form  development,  scale-up  and  production.  In  all,  eight  development 
and  twenty-three  production  projects  were  completed.  Four  year  shelf  life 
assessments  dre   in  progress  on  at  least  50  batches. 
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All  experimental  formulations  are  submitted  for  evaluation  and  confirmation 
of  antitumor  activity.  Simultaneously,  with  these  studies,  the  dosage  forms 
are  sent  to  an  independent  laboratory  for  chemical  and/or  biological 
analyses.  During  the  past  year,  problems  were  encountered  in  reproducing  the 
activity  exhibited  by  the  suspended  bulk  drug  with  a  soluble  dosage  form.  In 
nearly  all  cases  the  tumor  model  required  i.p.  treatment  of  an  i.p.  tumor  and 
the  drug  in  question  was  poorly  water  soluble.  Also,  the  solubilization 
process  frequently  increased  the  toxicity  by  four  to  sixteen  fold.  Some 
examples  include  echinomycin,  NSC-219733,  aphidicolin,  taxol  and  NSC-127755. 
Activity  of  the  soluble  form  was  frequently  absent  or  well  below  Decision 
Network  criteria.  In  those  instances  where  a  suitable  handle  (i.e.,  radio- 
label)  existed,  the  bioavailability  data  suggested  rapid  efflux  by  the 
soluble  form  from  the  i.p.  cavity  as  an  explanation  of  diminished  activity. 
However,  a  convenient  method  is  not  available  to  study  all  cases,  particular- 
ly the  natural  products.  Since  the  proportion  of  DN2A  candidates  exhibiting 
poor  water  solubility  is  currently  higher  than  past  history  would  suggest, 
drug  flow  to  the  next  step  in  drug  development,  toxicology  assessment,  is 
being  impaired. 

TABLE  VI 

CONTRACTS  FOR  DOSASE  FORM  DEVELOPMENT 

Contractor  Investigator         Contract  No. 

Iowa,  University  of  Wurster  NOl-CM-43743 

Kansas,  University  of  Higuchi  NOl-CM-23217 
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This  project  describes  the  formulation  activities  in  the  intramural  laboratory 
with  drugs  of  interest  to  the  Division  of  Cancer  Treatment,  i\l1.  Primarily, 
these  studies  are  directed  toward  evaluation  of  the  stability  of  certain  new 
antitumor  agents  and  resolution  of  solubility  problems  presented  by  these  sub- 
stances. Echinomycin,  Spirohydantoin  Mustard,  Aziridinylbenzoquinone  and  NSl- 
127755,  a  Baker  type  antifol  are  representative  examples.  The  above  substances 
were  rendered  soluble  by  a  mixed  solvent  approach  using  ethanol  or  dimethyl- 
acetamide  plus  a  surfactant  or  emulsion  system.  Stability  indicating  high  per- 
formance liquid  or  gas  chromatographic  systems  were  developed  and  used  to  monitor 
degradation.  Formulation  studies  were  not  restricted  to  antineoplastic  agents 
and  included  work  on  de1ta-9-THC,  an  antiemetic,  and  morphine  related  analgesics. 
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General  Objectives: 

1.  Study  new  formulation  approaches  with  potential  utility  for  those  com- 
pounds posing  difficult  drug  delivery  problems. 

2.  Develop  suitable  analytical  methods  to  monitor  the  stability  of  drugs  and 
pharmaceutical  dosage  forms. 

3.  Evaluate  dosage  form  problems  presented  by  clinical  and  laboratory 
investigators. 

Specific  Objectives: 

1.  Development  of  bioavailable  oral  and  injectable  dosage  forms  of  the 
antiemetic  delta-9- tetrahydrocannabinol. 

2.  Development  of  a  stable  dosage  form  of  Spirohydantoin  Mustard. 

3.  Elucidation  of  the  common  degradation  products  of  Aziridinylbenzo- 
quinone. 

4.  Evaluation  of  pharmaceutical  aspects  of  potent  narcotic  analgesics  used 
to  treat  terminal  cancer  patients. 

5.  Evaluation  of  the  stability  of  anthracycl ine  antibiotics  in  intravenous 
infusion  fluids. 

6.  Evaluation  of  loss  of  Paraben  preservatives  during  certain  pharma- 
ceutical drying  processes. 

7.  Development  of  suitable  dosage  forms  of  NSC-127755,  a  Baker  type  antifol 
and  Echinomycin. 

Major  Findings: 

1.  Delta-9-tetrahydrocannabinol,  NSC-134454  (Flora,  Cradock  and  Litterst, 

lmcbT 

Nausea  and  vomiting  have  long  been  associated  with  aggressive  cancer 
chemotherapy.  Delta-9-tetrahydrocannabinol  (delta-9-THC)  has  been  shown 
to  control  the  nausea  and  vomiting  in  many  patients  including  some  whose 
symptoms  were  refractory  to  standard  antiemetic  therapy.  Absorption  of 
delta-9-THL  from  the  dosage  forms  currently  available  from  the  National 
Institute  on  Drug  Abuse  appears  to  be  erratic  and  unpredictable.  There- 
fore, studies  were  undertaken  to  provide  both  injectable  and  oral 
bioavailable  dosage  forms  of  THC. 
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For  parenteral  use  solutions  containing  at  least  10  mg/ml  delta-9-THC 
have  been  prepared  in  either  of  two  vehicles:  5%  Cremophor  EL-5% 
ethanol-90%  Sodium  Chloride  Injection  or  5%  Emulphor  EL  620-5%  ethanol- 
90%  Sodium  Chloride  Injection.  These  formulations  are  currently  being 
studied  in  rabbits  (Dr.  Litterst,  LMC8)  to  determine  blood  levels  and 
tissue  distribution  of  drug  after  the  intravenous  or  intramuscular 
administration  of  radiolabeled  delta-9-THC.  The  stability  of  delta-9- 
THC  in  these  vehicles  or  in  components  of  the  vehicles  was  monitored  at 
5,  25  and  50°  using  a  high  pressure  liquid  chromatographic  (HPLC)  method 
which  is  capable  of  quantitating  delta-9-THC  in  the  presence  of  its 
decomposition  products.  This  HPLC  method  was  developed  specifically  for 
this  application.  The  decomposition  of  delta-9-THC  in  either  of  the  two 
vehicles  was  rather  rapid  (15-20%  after  10  days  at  25  )  when  stored  in 
ampuls  containing  air.  Delta-9-THC  was  significantly  more  stable  (<3% 
decomposition  after  20  weeks  at  25  )  in  vehicles  of  50%  Emulphor  EL  620- 
50%  ethanol  or  50%  Cremophor  EL-50%  ethanol  when  stored  under  nitrogen. 
These  solutions  could  be  diluted  with  sodium  chloride  injection  prior  to 
intravenous  or  intramuscular  administration. 

Several  products  were  prepared  and  are  being  investigated  for  potential 
oral  administration  in  gelatin  capsules:  delta-9-THC  in  50%  Emulphor  EL 
620-50%  ethanol  (10%  w/w),  delta-9-THC  in  Emulphor  EL  620  (4.7%  w/w), 
delta-9-THC  in  Cremophor  EL  (4.0%  w/w),  delta-9-THC  in  oleic  acid  (3.4% 
w/w),  delta-9-THC  adsorbates  with  polyvinylpyrrolidone  40,000  (3.5%  w/w 
or  10%  w/w)  and  delta-9-THC  in  sesame  oil  (3%  w/w).  The  dissolution 
characteristics  of  these  products  in  gelatin  capsules  are  being  investi- 
gated using  a  paddle-flask  (U.S.P  XX)  single  station  dissolution 
apparatus  in  0.1  N  HCl  at  37°C.  Initial  results  indicate  extremely  poor 
dissolution  (<5%  in  solution  after  2  hrs)  characteristics  for  the  oleic 
acid  or  sesame  oil  (similar  to  a  formulation  currently  distributed  by  the 
National  Institute  on  Drug  Abuse)  products.  In  contrast,  the  products  in 
Emulphor  or  Cremophor  dissolved  more  rapidly  ( -!  80-90%  in  20  min).  These 
in  vitro  studies  are  ongoing  and  may  expand  to  include  other  products. 
The  absorption  characteristics  of  some  of  these  products  will  be  evalu- 
ated orally  in  rabbits. 

2.  Spirohydantoin  Mustard  (SHM),  NSC-172112  (Flora  and  Cradock) 

Additional  formulation  studies  were  conducted  during  the  present  year  on 
Spirohydantoin  Mustard,  a  bischloroethyl  substituted  hydantoin  deriva- 
tive. This  drug  is  the  result  of  rational  attempts  to  design  a  CNS 
active  antitumor  agent.  Unfortunately,  the  compound  has  poor  water 
solubility  and  undergoes  rapid  hydrolysis.  A  10%  o/w  soybean  emulsion 
system  containing  1  mg/ml  of  SHM  was  found  to  limit  the  hydrolysis  of  the 
mustard  to  about  10%  in  one  hour  by  chloride  titration.  A  three  part 
formulation  based  on  this  system  was  evaluated  in  the  P388  tumor  system 
and  was  found  to  have  activity  equivalent  to  or  slightly  superior  to  the 
bulk  drug. 
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A  stability  indicating  gas  liquid  chromatographic  method  was  developed 
to  quantitate  SHM  in  the  emulsion  system.  Briefly,  al iquots  of  the 
emulsion  containing  SHM  were  collected  and  immediately  frozen  in  a  dry 
ice-acetone  bath.  These  samples  were  freeze-dried  and  the  residue  was 
extracted  with  ethyl  acetate  containing  an  internal  standard.  This 
solution  was  subjected  to  chromatographic  analysis.  Stability  studies 
indicated  that  the  Tq^,  for  SHM  in  the  emulsion  system  was  between  45  and 
60  min.  by  GLC  analysis.  The  disappearance  of  the  mustard  appeared  to 
follow  zero  order  kinetics  and  suggested  that  the  rate  limiting  step  for 
the  disappearance  of  the  mustard  is  the  diffusion  of  the  drug  out  of  the 
lipid  component  of  the  emulsion  into  the  aqueous  environment. 

Attempts  were  made  to  measure  the  pKa  for  SHM.  The  poor  solubility  and 
rapid  hydrolysis  of  the  drug  made  this  impractical.  However,  a  pKa  of 
5.4  was  determined  for  the  dialcohol  hydrolysis  product  of  the  mustard. 
If  an  analogy  is  drawn  between  aniline  mustard  (pKa  =  2.2)  and  its 
dialcohol  hydrolysis  product  (pKa  =  4.3)  to  SHM  and  its  dialcohol 
product,  the  pKa  of  SHM  would  be  approximately  4.3.  This  low  pKa  could 
explain  the  unusually  rapid  hydrolysis  of  SHM  when  compared  to  the 
clinically  useful  mustards  melphalan  and  nitrogen  mustard  hydrochloride. 
Aromatic  mustards  (e.g.  melphalan)  are  inherently  more  stable  than 
aliphatic  mustard  due  to  the  lower  basicity  of  the  alkylating  function 
nitrogen.  In  contrast,  nitrogen  mustard  can  form  a  hydrochloride  salt  at 
a  pharmaceutical ly  acceptable  pH  (5.0).  Protonation  of  the  nitrogen  of 
the  alkylating  function  inhibits  aziridinium  ion  formation  and  thus 
hydrolysis.  The  inability  of  SHM  to  form  this  stabilized  salt  at 
pharmaceutical ly  acceptable  pH's  explain  the  rapid  hydrolysis  exhibited 
by  SHM. 

3.  Azindinylbenzoquinone  (AZQ).  NSC-182986  (Poochikian) 

Additional  studies  were  performed  at  room  temperature  to  elucidate  the 
degradation  mechanisms  of  2,5-diaziridinyl-3,6-bis(carboethoxyamino)- 
1 ,4-benzoquinone  (I)  under  various  pharmaceutical  conditions.  The 
degradation  products  in  saline  were  isolated,  characterized  and  reported 
previously.  AZQ  was  found  to  be  subject  both  to  general  acid  and  base 
catalysis.  Several  reactions  were  responsible  for  AZQ  degradation,  the 
relative  importance  of  each  being  dependent  on  both  the  buffer  species 
and  the  form  of  AZQ  present  in  solution. 

At  pH  3.0,  2, 5-di (2-hydroxyethylamino)-3,6-bis(carboethoxyamino)-l ,4- 
benzoquinone  (II;  was  the  major  hydrolytic  product.  Once  the  aziridinyl 
moiety  is  protonated,  it  becomes  the  primary  target  of  nucleophilic 
attack  by  water  or  other  nucleophiles  present  in  the  solution  to  produce 
the  respective  degradation  products.  At  pH  3.0  hydrolysis  constituted 
the  only  degradative  pathway  through  a  two-step  sequential  mechanism.  In 
solutions  between  pH  3  and  7  both  II  and  2-aziridinyl-5-hydroxyethyl- 
ainino-3,5-bis(carboethoxyamino)-l ,4-benzoquinone  (III)  were  present  in 
varying  amounts.  Under  basic  conditions  (pH-^5)  I  led,  apart  from  the 
cleavage  reactions  (II  and  III),  to  the  displacement  of  one  or  both 
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aziridine  moieties  with  the  formation  of  2-aziridinyl-5-hydroxy-3,5- 
bis(carboethoxyamino)-l,4-benzoquinone  (IV)  and/or  2,5-dihydroxy-3,6- 
bis(carboethoxyamino)-l,4-benzoquinone  (V).  This  new  degradation  mode 
of  I,  unlike  acid-catalyzed  solvolysis,  involved  the  displacement  of  one 
or  both  ethyleneimine  moieties  by  hydroxide  ions.  This  decomposition 
pattern  of  I  became  the  primary  mode  of  degradation  in  basic  media 
(pH  8). 

AZQ  in  tris(hydroxyniethyl)aminome thane  buffer  (pH  6.5-0.05)  resulted 
besides  the  hydrolysis  products  II  and  III  to  additional  decomposition 
products  2-(2'-chloroethylamino)-5-(2'-hydroxyethylamino)-3,6-bis(car- 
boethoxyamino)-l,4-benzoquinone  (VI ),  2-aziridinyl-5-(2' -chloroethyl- 
amino)-3,6-bis(carboethoxyamino)-^  ,4-ben2oquinone  (Vil),  2,5-di(2'- 
chloroethyl amino) -3,6-bis(carboethoxyamino)-l  ,4-benzoquinone  (VIII )  as 
well  as  IV  and  V,  In  phosphate  buffer,  however,  only  the  hydrolytic 
products  II  and  III  as  well  as  the  displacement  reaction  products  IV  and 
V  were  detected. 

4.  Narcotic  Analgesics  (Poochikian) 

Over  the  past  few  years,  increasing  attention  has  been  focused  on  the 
management  of  chronic  pain  in  cancer  patients,  particularly  on  the  oral 
and  intramuscular  use  of  diamorphine  hydrochloride  and  morphine.  We  have 
been  studying  the  pharmaceutical  properties  of  diamorphine  hydrochlo- 
ride, morphine  acetate  and  analgesic  preparations  similar  in  composition 
to  the  Brompton  Mixture.  These  studies  were  completed  during  this 
reporting  period  and  focused  on  the  development  of  stable  freeze  dried 
dosage  forms  of  morphine  acetate  and  diamorphine  hydrochloride. 

Stability  studies  on  diamorphine  were  continued  using  high  performance 
liquid  chromatography.  At  equal  total  buffer  concentration  and  the 
optimum  pH,  4.5,  phosphate  buffer  species  showed  a  more  pronounced 
catalytic  effect  on  the  disappearance  rates  of  heroin  and  6-monoacetyl - 
morphine  than  acetate  buffer  species.  However,  when  calculated  on  the 
basis  of  equimolar  ionic  species,  acetate  or  dihydrogen  phosphate,  the 
degradation  rate  was  very   similar. 

Heroin  solution  stability  results  in  the  presence  of  various  excipients 
were  applied  toward  a  stable  formulation  of  heroin  as  lyophilized 
products.  The  freeze-drying  process  resulted  in  white  cakes  which  were 
readily  reconstituted  with  bacteriostatic  water  for  injection  or  bacte- 
riostatic sodium  chloride  injection  and  were  stable  at  room  temperature 
for  24  hr.  Hence,  these  products  can  be  used  for  multi-dose  purposes. 
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Lyophilized  products  containing  phosphate  buffer  in  the  presence  or 
absence  of  excipients  resulted  in  discolored  cakes  and/or  accelerated 
heroin  degradation  within  a  few  months  when  stored  at  50±0.1  or  at 
temperature.  However,  an  equal  concentration  of  citrate  buffer  retarded 
both  discoloration  of  the  cake  and  heroin  degradation.  Furthermore, 
lyophilized  heroin-mannitol-phosphate  buffer  (pH  5.0)  samples  at  50  or 
heroin-mannitol  samples  at  75  showed  the  presence  of  unidentified 
compounds  in  addition  to  the  common  heroin  hydrolysis  products,  morphine 
and  6-monoacetylmorphine.  Stability  of  lyophilized  heroin  formulations 
containing  sodium  chloride  or  dextrose  were  not  studied  because  they  did 
not  yield  physically  acceptable  products.  On  the  other  hand,  unbuffered 
freeze-dried  preoarations  in  the  absence  or  presence  of  lactose  when 
stored  at  25b0.1  ,  50^0.1  ,  or  75t0.1  for  nine  months  resulted  in  both 
physically  and  chemically  stable  products.  For  example,  unbuffered 
lactose  containing  vials  retained  99.9%,  99.4%  and  96.0%  of  initial 
heroin  concentrations  at  25,  50  and  75  ,  respectively. 

An  advantage  of  heroin  hydrochloride  (-/^600  mg/ml)  over  morphine  sulfate 
(v/^50  mg/ml)  in  patients  with  terminal  cancer  is  its  greater  water 
solubility.  Hence,  the  acetate  salt  of  morphine  (^400  mg/ml)  which 
appraoches  the  water  solubility  of  that  of  heroin  without  the  regulatory 
problems  inherent  in  a  Schedule  I  controlled  substance,  was  prepared  in  a 
suitable  dosage  form.  The  stability  of  these  products  was  assessed  by  a 
high-pressure  liquid  chromatographic  method  in  the  presence  of  its 
degradation  products. 

Several  formulations  were  prepared.  A  formulation  containing  100  mg  of 
morphine  acetate  and  15  mg  of  lactose  was  sealed  under  vacuum  and 
exhibited  excellent  stability  (>98%  of  label)  for  six  months  at  50  C. 
The  white  lyophilized  cake  could  be  reconstituted  with  -  0.25  ml  of 
sterile  water.  When  dissolved  in  1  ml  of  Sterile  or  Bacteriostatic  Water 
for  Injection,  USP,  the  clear,  colorless  solution  (pH  5.0-6.0)  was 
stable  for  5  days  at  25  C.  Comparable  stability  (>98%  of  label  for  six 
months  at  50  C)  was  also  exhibited  by  a  formulation,  sealed  under  vacuum, 
that  contained  morphine  acetate  100  mg,  lactose  15  mg  and  0.1  M,  pH  4.0, 
citrate  buffer.  In  contrast,  morphine  acetate  formulations  sealed  under 
room  air  exhibited  slight  discoloration  of  freeze  dried  cake  and  a  minor 
decrease  in  potency  (4%  after  six  months  at  50  C). 

The  solubility  of  morphine  acetate  in  this  dosage  form  exceeds  the 
200  mg/dose  maximum.  The  data  indicate  adequate  stability  of  the  freeze 
dried  dosage  form.  The  reconstituted  solution  is  sufficiently  stable  for 
use  as  a  multidose  vial.  In  contrast  to  the  available  fixed  concentration 
solutions  of  morphine  sulfate,  a  sterile  freeze  dried  dosage  form  of 
morphine  acetate  can  be  reconstituted  to  a  wide  range  of  concentrations 
depending  on  individual  patient  requirements. 
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5.  Anthracycline  Antitumor  Agents  (Poochikian,  Flora  and  Cradock) 

Anthracycl ine  antitumor  agents  are  widely  used  in  the  treatment  of 
neoplastic  disease.  The  clinical  usefulness  of  anthracycl ines  is 
restricted  by  dose-limiting  myelosuppression  and  cardiomyopathy.  Recent 
studies  have  shown  that  the  continuous  intravenous  infusion  (up  to  96  hr) 
of  dilute  solutions  of  doxorubicin  result  in  less  cardiotoxicity  without 
a  reduction  in  clinical  efficacy  when  compared  to  a  single  intravenous 
bolus  injection.  Mery  little  data  are  available  on  the  stability  of  the 
various  anthracycl ines  in  infusion  fluids.  Such  information  is  impor- 
tant when  drugs  are  to  be  infused  over  long  periods  of  time. 

The  stabilities  of  dilute  solutions  of  doxorubicin,  daunorubicin, 
zorubicin  and  aclacinomycin  A  in  various  infusion  fluids  were  evaluated. 
Reversed  phase  high  pressure  liquid  chromatographic  methods  employing 
internal  standards  were  developed  for  the  quantitation  of  each  drug  in 
the  presence  of  its  decomposition  products.  Dilute  solutions  of  the 
anthracycl ines  were  prepared  by  appropriate  dilutions  of  the  reconsti- 
tuted solutions  of  the  formulated  products  with  5%  Dextrose  Injection, 
USP  (D5W);  Sodium  Chloride  Injection,  USP  (NS);  Lactated  Ringers  Injec- 
tion, USP  (LR);  and  Normosol-R  pH  7.4. 

The  stability  of  the  anthracycl  ines  was  dependent  on  the  pH  of  the 
admixture  solution  which  in  turn  was  dependent  on  infusion  fluid  composi- 
tion. Daunorubicin  and  aclacinomycin  A  exhibited  acceptable  stability 
(-90%  of  the  original  concentration)  in  D5W,  NS  and  LR  for  more  than  48 
hr.  Doxorubicin  manifested  similar  stability  in  the  first  two  fluids. 
However,  zorubicin  showed  similar  stability  only  in  Normosol-R  pH  7.4 
fluid  for  22  hr. 

In  contrast  to  the  other  anthracycl ines  studied,  hydrolysis  of  zorubicin 
is  particularly  acid  sensitive.  The  inherent  pH  of  D5W,  NS  and  LR  was 
sufficient  to  shift  the  pH  of  the  infusion  mixture  outside  the  optimum 
range.  Only  Normosol-R  pH  7.4  provided  an  acceptable  pH  to  optimize 
stabil ity. 

6.  Loss  of  Parabens  During  Lyophil ization  of  Antitumor  Agents  (Flora, 
Cradock  and  Poochikian) 

Although  the  presence  of  preservatives  in  multidose  parenteral  prepara- 
tions is  important,  there  are  no  reports  describing  the  loss  of  preserva- 
tives, namely  methylparaben  or  propylparaben,  during  freeze-drying  or 
low  temperature  vacuum  drying. 

A  high  pressure  liquid  chromatographic  method  was  developed  to  quanti- 
tate  these  parabens  following  various  lyophi! ization  cycles  in  the 
presence  of  bulking  agents  and/or  various  antitumor  agents. 
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The  loss  of  methyl-  and  propylparabens  during  freeze-drying  was  found  to 
be  dependent  on  the  vacuum  of  the  system,  the  length  of  drying  cycle,  the 
temperature  of  the  product,  and  the  amount  and  chemical  entity  of  the 
materials  present.  The  solvent,  water  or  ethanol,  did  not  affect  paraben 
loss.  In  the  presence  of  calcium  leucovorin,  daunorubicin,  or  ellipti- 
cine,  methyl-  and  propylparabens  were  retained  almost  quantitatively 
(>97%),  while  in  the  presence  of  bulking  agents,  or  the  carcinostatic 
BCNU,  the  loss  of  parabens  was  greater  than  30%.  The  retention  of 
parabens  in  the  presence  of  the  antitumor  agents  studied  was  explained  by 
the  reduced  volatility  of  the  complexes  formed  between  the  paraben  and 
the  respective  drug  molecules.  The  ability  of  the  drug  to  form  complexes 
with  parabens  was  in  turn  dependent  on  certain  physical  and  structural 
considerations  such  as  1 ipophil icity,  planarity  and  aromaticity  of  the 
agent  which  has  been  explained  in  a  separate  publication  (3).  Hence, 
analysis  of  paraben  containing  lyophilized  products  for  both  active 
ingredients  and  antimicrobial  preservatives  appears  warranted. 

NSC-127755  (a  Baker  Antifol)  and  Echinomycin,  NSC-526417  (Cradock  and 

Flora) 

Several  new  antitumor  agents  were  formulated  in  this  laboratory  during 
the  past  year  and  both  NSC-127755  and  Echinomycin  are  representative 
examples. 

NSC-127755  is  a  rationally  designed  inhibitor  of  folate"  synthesis  which 
has  demonstrated  activity  in  P383  leukemia,  L1210  leukemia  and  marginal 
activity  in  Lewis-lung  carcinoma.  An  experimental  formulation  has  been 
prepared  which  consists  of  a  vial  containing  50  mg  of  NSC-127755  as  a  dry 
powder  prepared  by  low  temperature  vacuum  drying  from  ethanol.  The 
contents  of  the  vial  are  reconstituted  with  1  ml  of  sterile  dimethyl- 
acetamide  and  are  further  diluted  with  9  ml  of  water  for  injection.  The 
final  drug  concentration  is  5  mg/ml .  The  short  term  chemical  stability 
of  this  solution  was  investigated  by  application  of  a  reversed  phase  high 
pressure  liquid  chromatographic  (HPLC):  procedure  developed  for  this 
purpose.  This  procedure  was  capable  of  quantitating  NSC-127755  in  the 
presence  of  its  decomposition  products.  Since  this  drug  contained  a 
sulfonyl  fluoride  group,  it  was  expected  that  hydrolysis  of  this  group  to 
yield  the  corresponding  sulfonic  acid  would  occur  in  aqueous  solution. 
In  order  to  negate  the  possibility  that  the  drug  and  its  sulfonic  acid 
hydrolysis  product  might  not  be  resolved  chromatographical ly,  concurrent 
measurements  of  fluoride  ion  concentration  were  conducted  using  a 
fluoride  selective  electrode. 

Thgse  studies  indicated  that  NSC-127755  was  10%  decomposed  after  24  hr  at 
50  C  and  about  17%  after  144  hr  at  50°  in  the  formulation  vehicle.  At 
25  decomposition  was  ''2%  after  144  hr.  No  decomposition  was  evident  in 
solutions  stored  at  5  C  for  144  hr.  Calculations  for  the  percent 
decomposition  of  NSC-127755  based  on  fluoride  ion  measurements  were  in 
agreement  with  the  HPLC  data. 
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Echinoinycin  is  a  very  potent  (50-100  meg/Kg)  agent  with  activity  in  P388 
and  B16  tumor  models.  In  spite  of  the  high  potency  the  extremely  low 
water  solubility  (<1  mg/1)  resulted  in  a  significant  fonnulation 
problem,  Echinomycin  is  appreciably  more  soluble  in  ethanol,  dimethyl - 
acetamide  and  acetone  (5-20mg/ml).  However,  dilution  of  echinomycin 
containing  solutions  in  these  vehicles  with  aqueous  medium  to  pharma- 
cologically tolerated  concentration  {^5-^0%)  results  in  precipitation  or 
opalescence  at  echinomycin  concentrations  of  -50  '-r^g/m] .  Although  more 
dilute  solutions  appear  visually  clear,  filtration  resulted  in  90-95% 
loss  of  echinomycin. 

The  solubility  of  echinomycin  in  surface  active  agents  was  then  investi- 
gated. In  a  mixture  of  cremophor:  ethanol :sal ine  -  5:5:90  the  solubility 
of  echinomycin  was  "200  mcg/ml.  No  decomposition  was  detected  over  24 
hrs  by  high  performance  liquid  chromatography.  A  suitable  dosage  form 
was  prepared  by  use  of  low  temperature  vacuum  drying  from  ethanol.  At 
time  of  use  vial  contents  are  dissolved  in  the  cremophor-ethanol  mixture 
and  further  diluted  with  nine  volumes  of  sterile  water, 
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BIOCHEMISTRY  AND  PHARMACOLOGY  GRANTS  PROGRAM 

DEVELOPMENTAL  THERAPEUTICS  PROGRAM 

DIVISION  OF  CANCER  TREATMENT 

October  1,  1979  -  September  30,  1980 

Description 

The  overall  objective  of  the  Biochemistry  and  Pharinacology  Grants  Program 
is  to  develop  chemotherapeutic  agents  which  act  specifically  or  selectively 
against  malignant  growth  with  minimal  toxicity  to  the  host.   The  program 
covers  a  broad  range  of  research  projects  involving  synthesis  of  new  antitumor 
agents,  experimental  therapeutics,  selective  screening  for  activity,  and 
pharmacological  and  toxicological  evaluation.   Also  included  are  mechanistic 
studies  dealing  with  cell  kinetics,  mechanism  of  drug  action  and  molecular 
interactions  of  the  drug  within  the  cell. 

The  Biochemistry  and  Pharmacology  Grants  Program  is  a  part  of  the  Office  of 
Extramural  Research  and  Resources  within  the  Developmental  Therapeutics  Program 
of  the  Division  of  Cancer  Treatment,  which  acts  as  a  coordinating  point  for 
research  of  various  mechanisms  of  support  in  the  division — contracts, 
cancer  research  emphasis  grants,  the  traditional  research  grants,  and  the 
raultidisciplinary  program  project  grants.   The  office  maintains  liaison  with 
other  operating  units  of  the  Division  of  Cancer  Treatment,  with  collaborative 
branches  of  the  Developmental  Therapeutics  Program,  and  with  other  working 
groups  such  as  the  Anthracycllne  Analogs  Committee,  the  Platinum  Analog 
Coordination  Group,  and  the  Decision  Network  Committee.   These  interactions 
provide  for  an  exchange  of  information  between  the  various  operating  segments 
of  the  Division  of  Cancer  Treatment  and  help  establish  a  cohesi\7e  research 
effort  for  development  of  new  or  more  effective  treatment  of  cancer. 

The  Biochemistry  and  Pharmacology  Grants  Program  provides  direction  and 
support  for  research  in  chemical,  pharmacological  and  biochemical  aspects 
of  design  and  development  of  new  drugs  for  more  effective  therapy  of  cancer. 
Its  workscope  represents  an  integrated  effort  in  several  scientific 
disciplines. 

The  program  presently  is  divided  into  seven  principal  categories,  each 
corresponding  to  a  successive  step  in  the  drug  evaluation  process. 

1  Drug  Design  and  Synthesis 

2  Natural  Products 

.3  Experimental  Therapeutics 

4  Comparative  Pharmacology 

5  Other  Preclinical  Aspects 

6  Mechanism  of  Drug  Action 

7  Program  Projects 
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FY  1980  SUMMARY  BY  SUB-CATEGORY 
(Dollars  in  Thousands) 


NUMBER  OF  GRANTS 


TOTAL  AMOUNT 


SYNTHESIS  &  CHEMISTRY 

NATURAL   PRODUCTS 

SCREENING  &  EXPERIMENTAL 
THERAPEUTICS 

PRECLINICAL  TOXICOLOGY 
&  PHARMACOLOGY 

OTHER  PRECLINICAL  ASPECTS 

MECHANISM  OF  ACTION 

PROGRAM  PROJECTS 


152 
30 

33 

28 

19 

91 

6 


$   11,383 
2,197 

2,708 

2,125 
1,713 

7,826 

4,415 


TOTAL 


359 


$   32,367 


Significant  Recent  Results 

Synthesis 

The  plasma  membrane  is  involved  in  several  cellular  interactions  which  have 
implicated  various  aspects  of  neoplastic  changes  such  as  increased  invasive- 
ness, breakdown  of  cell-to-cell  communication,  impairment  of  differentiation 
and  antigenic  modulation.   Most  of  these  changes  involve  cell  surface 
glycoconjugates.   These  molecules,  and  particularly  their  carbohydrate 
moieties  appear  to  develop  structural  and  functional  differences  which  may 
be  potentially  exploited  for  chemotherapeutic  attack. 

The  terminal  sugar  residue,  L-fucose,  is  an  inviting  target  for  chemical 
modification.   Several  new  analogs  of  L-fucose  modified  in  the  2  and  the 
5-methyl  group  have  been  synthesized  as  potential  plasma-membrane  glyco- 
conjugate  inhibitors  or  modifiers  and  their  biological  activities  have  been 
evaluated  (CA  8793).   In  cell  culture,  murine  leukemia  L1210  cells  were 
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generally  more  sensitive  to  these  compounds  due  to  their  shorter  doubling 
time.   Initial  studies  with  these  analogs  with  graded  doses  administered 
to  mice  with  L1210  ascites  tumor  demonstrated  therapeutic  activity  and 
increased  life  span  over  controls.   A  series  of  four  halogenated  5-methyl 
analogs  of  L-fucose  derived  Erom  1,2 : 3, 4-di-O-isopropylidene-L -galactose 
inhibited  growth  of  L1210  murine  leukemic  cells  in  cell  culture.   Based  on 
the  rationale  that  these  compounds  may  interfere  with  salvage  pathways 
utilizing  fucose,  search  for  more  effective  analogs  will  be  continued. 

A  series  of  bis(K-methylcarbamates  with  2,5-diphenyl  and  1,2, 3-triphenyl 
moieties  were  synthesized  (CA  22935).   All  four  compounds  were  active 
in  tlie  in  vivo  P388  lymphocytic  leukemia  assay.   The  pronounced  antineoplastic 
activity  observed  with  these  and  related  structure  systems  has  stimulated 
considerable  interest  in  the  structure-activity  requirements  and  synthesis 
of  more  analogs  in  tliis  general  class  of  compounds.   The  2,5-diphenyl  compound 
of  the  N-methyl  and  carbamate  series  was  the  preeminently  active  compound  in 
this  group.   The  compound  is  active  with  no  apparent  acute  toxicity  over  a  16 
fold  dose  range  examined.   It  is  reasonably  potent  (T/f;=205  at  20  mg/kg)  and 
host  inanition  is  minimal.   Substitution  of  the  third  phenyl  ring  on  the 
pyrrole  nucleus  tends  to  reduce  activity.   Further,  in  vivo  studies  have 
been  initiated  to  evaluate  the  efficacy  of  these  compounds  in  a  panel  of  solid 
tumors.   In  addition,  the  series  represented  by  the  two  "lead"  structures 
will  be  extended  systematically  in  order  to  examine  those  features  which  are 
important  to  the  enhancement  of  antitumor  activity  of  the  compound. 


Platinum  Coordination  Complexes 

Platinum  coordination  complexes  represent  a  new  class  of  potent  anticancer 
drugs  which  seem  to  be  especially  effective  for  use  in  testicular  and  ovarian 
cancer.   Mew  clinical  experience  has  shown  that  a  variety  of  cheraotherapeutic 
combinations  involving  cisplatin  are  among  the  most  effective  therapies  for 
treatment  of  head  and  neck  cancers,  lung  cancers,  bladder  cancers,  prostate 
cancers,  cervical  and  uterine  cancers,  and  osteogenic  sarcomas.   The  drug 
fails  in  the  treatment  of  brain,  stomach,  intestinal,  and  kidney  cancers 
suggesting  that  cells  containing  high  intracellular  chloride  may  not  allow 
the  aquation  reactions  to  proceed.   There  are  indications  that  the  normal 
cells,  both  epithelial  and  muscle  cells  of  the  stomach  and  intestinal  tracts 
in  man  contain  high  chloride.   If  tumor  cells  arising  in  these  tissues  retain 
the  same  high  chloride,  it  suggests  that  the  platinum  drug  would  not  be  a 
successful  therapy. 

In  attempts  to  improve  the  anticancer  activity  and  to  reduce  the  toxicity 
potential  in  a  series  of  cis-dichlorodiamraine  platinum  compounds,  a  number 
of  coordination  complexes  were  synthesized  (CA  11349).   The  rationale  for 
synthetic  effort  is  based  on  studies  of  the  problem  of  aquation  reactions 
of  cisplatin  to  gain  understanding  of  the  possible  chemical  reactions 
involved  in  both  the  toxicity  of  the  drug  and  it  spectrum  of  activity 
against  various  cancers.   Studies  are  being  pursued  on  reaction  products 
of  aquated  cisplatin  with  guanine  and  other  nucleic  acid  bases.   Efforts 
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continue  to  synthesize  newer  complexes  of  platinum  -\nd    analogous  palladium 
drugs  and  to  test  these  drugs  for  anticancer  activity  and  renal  toxicity 
potential.   An  assay  technique  for  measuring  the  rate  of  repair  by  various 
cells  of  cisplatin  induced  lesions  on  guanine  of  DNA  will  be  developed  and 
tested.   The  results  will  be  used  to  test  the  proposition  tliat  sensitive 
cancer  cells  are  unable  to  repair  the  significant  lesions  produced  by 
therapeutic  doses  of  cisplatin  upon  cellular  DNA,  while  the  normal  cells 
remain  unaffected. 

Natural  Product  Research 

Several  investigators  are  involved  In  the  search  of  natural  products  as  a 
source  of  new  antitumor  drugs.   In  one  study  National  Cancer  Institute 
screening  of  ethyl-l-hydrDxy-4-oxo-2 ,  5-cyclohexadiene-lacet.ite  (1)  isolated 
from  Senecio  anonymus  Wood  is  now  in  progress.   Preliminary  KB  screening 
results  indicate  significant  activity. 

Another  research  project  involves  exploration  of  uninvestigated  species  in 
the  family  Simaroubaceae  for  new,  active  quassinoids.   A  novel  cytotoxic 
liraonoid  has  been  isolated  from  Guarea  trichiloids  and  is  being  characterized. 

At  the  University  of  Hawaii,  an  investigator  is  testing  extracts  of  several 
tropical  and  sub-tropical  algae,  in  particular  blue-green  algae  belonging 
to  the  Oscillatoriaceae,  from  islands  in  the  Pacific  ocean.   Several 
of  these  extracts  exhibit  good  antileukemic  activity  (T/C>150^)  against 
P-388  lymphocytic  mouse  leukemia.   Selected  compounds  from  marine  organisms 
will  continue  to  be  studied,  including  an  exceedingly  cytotoxic  substance 
from  the  coelenterate  Palythoa  toxica.   Promising  compoumis  are  routinely 
sent  to  the  National  Cancer  Institute  screening  laboratories  for  chemo- 
therapeutic  evaluation. 

Combination  Therapy 

The  known  ability  of  raaytansine  to  Inhibit  microtubule  formation  and  bring 
about  mitotic  arrest  in  dividing  cells  suggested  the  possible  therapeutic 
use  of  this  drug  in  combination  with  methotrexate  (CA  25394).   An  attractive 
aspect  of  raaytansine  is  Its  virtual  lack  of  myelosuppresslon  and  the  absence 
of  overlapping  toxicity  with  common  anticancer  drugs.   The  use  of  raaytansine 
in  combination  with  methotrexate  might  be  advantageous  because  raaytansine 
neurotoxicity  has  been  shown  to  be  relatively  mild  at  low  doses,  and  gastro- 
intestinal side  effects  are  avoidable  by  careful  manipulation  of  dose  schedules. 
The  data  from  this  study  reveal  a  time-dependent  synergism,  with  optimal, 
curative  results  being  observed  when  raaytansine  is  given  32  hours  after 
methotrexate.   The  study  offers  substantial  support  for  the  use  of  maytanslnolds 
In  combination  with  methotrexate  or  other  phase-specific  agents  In  cancer 
chemotherapy. 

Chemotherapy  Based  on  Enzymatic  Rationale 

Combination  chemotherapy  for  therapeutic  synergism  remains  a  major  avenue 
for  treatment  of  cancer.   The  combinations  which  have  been  used  to  date 
involve  two  or  more  inhibitors  which  act  on  different  loci  of  action. 
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Combinations  based  on  enzymatic  rationale  result  in  a  synergism  which  is 
advantageous.   Ribonucleotide  reductase  is  uniquely  responsible  for  cata- 
lyzing the  reactions  in  which  deoxyribonucleotide  precursors  required  for 
DNA  synthesis  are  formed.   This  is  a  complex  enzyme  in  both  bacterial  and 
mammalian  cells  which  is  strictly  regulated  by  various  nucleoside  triphos- 
phates. 

Results  of  one  study  (CA  17246)  indicate  that  ribonucleotide  reductase 
offers  an  excellent  site  for  the  design  of  antitumor  drugs  not  only  because 
of  its  unique  position  in  catalyzing  the  reaction  in  which  the  deoxyribo- 
nucleotides  are  formed  but  also  because  of  the  nature  of  the  components  of 
the  enzyme  which  can  be  specifically  and  independently  inhibited.   Combination 
chemotherapy  based  on  the  inhibition  of  each  component  specifically  may 
provide  a  useful  approach  to  blocking  this  key  enzyme  in  tumor  cells. 
Based  on  the  results  of  this  study,  it  is  postulated  that  there  are 
three  classes  of  ribonucleotide  reductase  inhibitors:   (a)  inhibitors  of 
the  Tris  component  (equivalent  to  the  B2  protein  of  E.  coli);  (b)  inhibitors 
of  the  dye  component  (equivalent  to  the  Bl  protein  of  E.   coli);  and  (c) 
inhibitors  such  as  2 '-azido-2 '-deoxy-CDP  which  requires  a  functioning 
enzyme  (both  components)  to  generate  the  inhibitor. 

In  another  study  (CA  18856)  involving  nine  separate  tissues,  the  effects 
of  2 '-deoxycof ormycin  (DCF)  on  activity  levels  and  physicochemical  properties 
of  mouse  adenosine  deaminase  (ADase)  and  purine  nucleoside  phosphorylase 
were  characterized.   After  continuous  infusion  of  the  tight-binding  inhibitor 
into  mice  for  five  days,  various  levels  of  ADase  which  were  tissue  dependent 
remained.   Thymus  activity  was  the  most  severely  inhibited;  jejunum,  ileum 
and  spleen  activities  were  only  marginally  depressed;  and  stomach  activity 
was  not  inhibited.   The  presence  of  a  transplantable  colon  tumor  resulted 
in  significantly  lower  ADase  after  infusion,  especially  in  the  jejunum. 
These  data  suggest  the  possibility  of  the  induction  of  a  form  of  ADase 
less  sensitive  to  inhibition  than  is  native  enzyme.   These  results  may  be 
of  eventual  usefulness  in  the  design  of  combined  chemo therapeutic  regimens 
involving  adenosine  analogs  and  tight-binding  inhibitors. 

Selective  Toxicity 

Cis-Platinum  Toxicity;   Research  findings  by  one  group  of  investigators 
suggests  that  the  use  of  slow  24-hour  infusion  technique  in  administering 
cis-platin  results  in  decreased  toxicity  (CA  11349).   The  slow  infusion 
method  decreases  kidney  toxicity  and  the  nausea  and  vomiting  which  are 
among  the  major  dose-limiting  side  effects  of  cis-platin. 

In  another  study,  the  nephrotoxic  effects  of  cisplatin  were  inhibited  by 
treatment  with  sodium  diethyldithiocarbamate  (DDTC)  between  one  and  four  hours 
after  cisplatin  administration  (CA  22925).   The  results  demonstrate  the 
salutary  effects  of  DDTC  rescue  on  renal  function  and  pathological  deficits 
after  a  toxic  dose  of  cisplatin  and  strongly  suggest  a  beneficial  effect 
upon  gastrointestinal  toxicity  as  well.   Because  optimal  timing  of  DDTC 
rescue  corresponds  to  four  to  eight  plasma  half-lives  for  cisplatin,  plasma 
levels  of  platinum  at  the  time  of  rescue  are  negligible,  and  the  effect  of 
rescue  on  the  antitumor  properties  of  cisplatin  is  minimal. 
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Diethyldithiocarbamate  may  also  have  a  beneficial  antitumor  effect  in  view 
of  its  recently  reported  activity  as  an  immunopotentiator. 

Adrlamycin  Pharmacology  and  Toxicity;  A  major  goal  for  hepatic  arterial 
chemotherapy  in  the  palliation  of  hepatic  metastases  is  to  provide  high 
concentrations  of  anti-cancer  agents  directly  to  the  tumor,  as  it  derives 
its  blood  supply  primarily  from  the  hepatic  artery.  A  recent  study  has 
evaluated  the  degree  to  which  hepatic  arterial  infusion  of  adriaraycin 
produces  higher  hepatic  and  lower  systemic  drug  concentrations  than  are 
achieved  with  corresponding  peripheral  venous  infusion  (CA  19118). 

The  results  of  this  study  support  hepatic  arterial  infusion  as  a 
means  to  improve  the  therapeutic  index  of  Adriamycin  and  provide  a  sound 
pharmacological  justification  for  its  use  in  the  treatment  of  cancer  of  the 
liver.   This  therapeutic  modality  may  best  be  suited  for  the  treatment  of 
those  metastatic  tumors  of  the  liver  which  are  known  to  respond  to  adriamycin 
administered  systemically. 

Emphases  and  Projections 

One  of  the  most  exciting  and  promising  areas  for  development  is  the 
potential  use  of  chemical  and  biological  agents  that  increase  anticancer 
defense  reactions  through  selective  inhibition.   These  include  substances 
normally  found  in  the  human  body  such  as  components  of  the  immune  system  such 
as  the  lymphokines  and  other  soluble  factor  of  blood  cells  and  the  inter- 
ferons.  Emphasis  in  this  direction  involves  purification,  identification 
and  biological  evaluation  of  such  factors  and  agents. 

In  recent  years,  there  has  been  much  interest  in  the  development  of  mechanism- 
based  inhibitors  of  enzymatic  reactions.   These  inhibitors  reversibly  bind 
to  the  active  site  of  an  enzyme  and  then  undergo  events  in  a  manner  analogous 
to  one  or  more  steps  of  the  normal  catalytic  reaction,  ultimately  leading 
to  formation  of  a  covalent  enzyme-inhibitor  complex.   Although  the  combined 
requirements  of  reversible  binding  and  enzyme-induced  covalent  bond  changes 
place  restrictions  on  the  design  of  such  inhibitors,  once  these  are  fulfilled 
the  resultant  inhibitors  are  extremely  specific  for  their  target  enzymes. 

An  area  of  emphasis  in  this  program  is  to  support  research  to  design 
analogues  of  2 '-deoxyuridylate  as  mechanism-based  inhibitors  of  2'- 
deoxythymidylate  synthetase  and  to  possible  approaches  for  modulating 
the  effects  of  known  inhibitors  to  achieve  desired  biochemical  effects. 

Other  projections  of  interest  are  in  the  area  of  biophysical  targetting  and 
selective  drug  delivery  by  liposome  incorporation  of  active  drugs  which 
enables  the  drug  to  be  delivered  to  a  specific  part  of  the  cell  for  selective 
therapeutic  activity.   Cytosine  arabinoside,  methotrexate,  and  cyclophosphomide 
have  been  converted  to  this  form  with  resultant  increase  in  their  therapeutic 
potential. 

The  treatment  of  melanoma  by  tumor  localization  of  hematoporphyrin  followed 
by  photoactivatlon  is  being  pursued.   Good  clinical  results  have  been 
obtained  at  the  Roswell  Park  Memorial  Institute  using  this  technique. 
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Emphasis  is  beiag  placed  on  the  development  o£  ^JQ,  vitro  predictive  test 
systems  for  selection  of  the  most  effective  therapy  in  specific  situations. 
One  of  these  developed  is  the  double  layer  soft  agar  layer  plating  technique, 
involving  human  tumor  stem  cell  assay.   This  technique  predicts  at  least 
96%  of  the  time  which  drugs  may  or  may  not  work.   This  is  a  general  assay 
which  could  be  used  as  an  indicator  of  the  selection  of  drugs  in  the  clinic. 

Another  significant  development  is  the  _in  vitro  agar  diffusion  chamber 
technique  on  sensitivity  to  clonogenic  tumor  cells.   These  tests  are  run 
in  parallel  with  normal  bone  marrow  cells  and  are  helpful  in  studying  the 
differential  effects  on  the  normal  as  against  the  tumor  cells  in  man. 

Areas  for  further  research  in  this  program  include  anti-emetic  research  for 
nausea  and  vomiting  for  many  of  the  compounds  that  are  being  used  at  the 
present  time  and  development  of  second  generation  drugs  with  less  toxicity 
and  greater  effectiveness,  especially  the  platinum  compounds  and  the  an- 
thracycline  drugs.   Emphasis  is  being  placed  on  research  in  the  prevention 
of  secondary  neoplasms  from  chemotherapeutic  effects  of  long-term  chemotherapy. 
Finally,  continued  effort  is  needed  to  establish  tests  systems  for  the 
prediction  of  activity  and  selection  of  drugs  for  treating  specific  tumors 
in  man. 

Other  Program  Activities 

Program  Project  Grant  Support:   The  development  of  new  effective  chemo- 
therapy through  a  collaborative  research  effort  is  being  pursued. 
Research  encompassing  drug  design,  studies  on  the  biochemical,  biophysical 
and  pharmacological  mode  of  action  of  drugs  in  experimental  systems,  and 
extrapolation  of  research  into  models  of  human  disease  and  drug  toxicity 
afford  collaborative  effort  which  can  be  directly  related  and  applied  to 
the  cancer  patient.   This  type  of  balanced  program  project  research  grant, 
encompassing  several  areas  of  research,  is  contributing  rapidly  to  more 
effective  treatment  of  cancer  patients.   Presently  there  are  six  program 
project  grants  being  funded.   These  represent  three  new  initiatives  in  the 
developmental  therapeutics  area. 

Conference  Support:   The  Biochemistry  and  Pharmacology  Grants  Program 
provided  partial  support  for  travel  assistance  for  speakers  to  attend  a 
Gordon  Research  Confers  nee  on  tfie  Chemotherapy  of  Experimental  and  Clinical 
Cancer.   The  conference  provided  a  forum  for  detailed  and  stimulating 
discussions  on  the  problems  related  to  mechanisms  of  drug  resistance, 
membrane  transport  of  antitumor  drugs,  chemotherapy  of  DNA  viruses,  pharmaco- 
kiiietics  of  ni  trosouri-as ;  rational  design  of  anthracyclines,  interferon  and 
thymic  hormones.   The  conference  served  to  promote  useful  exchanges  and 
interactions  between  basic  scientists  and  clinical  investigators. 

Research  Manpower  Development:   The  Program  was  involved  in  support  for 
creating  and  sustaining  adequate  professional  talent  for  future  research 
efforl  in  the  form  of  Research  Career  Awards,  Research  Career  Development 
Awards  and  fellowships  in  the  scientific  disciplines  of  chemistry,  biochemistry, 
and  pharmacology.   At  the  present  time,  there  are  a  total  of  52  grants 
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assigned  t<.i  the  progara  at  t'ne  approximate  level  of  2   rail.  Lion.   The 
scientific  sarveillaace  and  justification  of  these  grants  relate  to  the 
development  of  adequate  future  research  resources  for  this  program. 
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ANNUAL  REPORT  OF  THE  LABORATORY  OF  MEDICINAL  CHEMISTRY  AND  BIOLOGY 

DEVELOPMENTAL  THERAPEUTICS  PROGRAM 

DIVISION  OF  CANCER  TREATMENT 

October  1,  1979  -  September  30,  1980 


The  Laboratory  of  Medicinal  Chemistry  and  Biology  is  an  organizational 
entity  resulting  from  the  consolidation  in  1975  of  previously  established 
sections  from  within  the  Drug  Development  and  Drug  Evaluation  Branches  of  the 
Drug  Research  and  Development  Program,  DCT;  the  Laboratory  of  Chemical 
Pharmacology,  Experimental  Therapeutics  Program,  DCT;  and  the  Laboratory  of 
Biochemistry,  DCBD.   The  aim  in  establishing  the  new  Laboratory  was  to  bring 
about  a  closer  relationship  between  medicinal  chemists  involved  in  the  design 
and  synthesis  of  new  antitumor  agents,  and  biologists  involved  in  the  elucida- 
tion of  their  biochemical  pharmacology  and  in  their  clinical  evaluation.   It 
was  felt  in  proposing  this  new  organizational  structure  that  knowledge  of  the 
molecular  biology  and  etiology  of  cancer  is  approaching  the  level  at  which 
the  biologist  can  now  make  useful  early  contributions  to  the  rational  design 
of  new  antitumor  agents,  rather  than  being  restricted  almost  entirely  to 
biochemical,  pharmacological  and  clinical  studies  on  agents  whose  antineo- 
plastic activity  has  already  been  established  on  an  empirical  basis.   While 
it  is  recognized  that  it  would  be  premature  and  over-optimistic  to  propose 
that  empirically-based  screening  approaches  can  in  the  foreseeable  future  be 
abandoned  in  favor  of  specific,  rational  antitumor  drug  design,  the  time  now 
appears  to  have  arrived  when  a  mixture  of  empirical  and  rational  approaches 
is  warranted-   Examples  of  drug  classes  in  which  opportunities  for  specific, 
target-directed  design  are  now  possible  are  agents  affecting  strucutre  and 
function  of  tumor  cell  surface  glycoproteins;  inhibitors  of  viral  oncogenesis; 
agents  with  specific  or  unique  DNA-binding  properties;  transition-state 
inhibitors  for  key  enzyme  sites;  and  agents  with  specific  tissue-localizing 
properties.   In  these  and  a  number  of  other  rapidly  expanding  research  areas, 
the  state  of  the  art  appears  sufficiently  advanced  that  the  biologist  with 
specific  expertise  can  make  contributions  of  value  to  the  medicinal  chemist 
in  the  design  of  new  antitumor  agents  and  in  the  modification  of  existing 
agents. 

Conversely,  from  the  point  of  view  of  the  medicinal  chemist,  a  closer  inter- 
relationship with  the  molecular  biologist  and  the  clinician  offers  the 
opportunity  of  obtaining  specific  biological  assay  data  with  the  minimum  of 
delay,  in  order  to  guide  the  course  of  further  synthesis.   In  addition  to 
providing  routine  antitumor  screening,  the  biologist  can  design  assay  methods 
tailored  to  the  specific  target  site  under  consideration.   Assays  for  para- 
meters such  as  inhibition  of  viral  replication,  immunostimulation,  enzyme 
inhibition  or  tumor  cell  membrane  binding  can  be  provided  where  relevant  to 
the  activity  under  consideration.   Thus,  the  juxtaposition  within  a  single 
laboratory  of  medicinal  chemists  and  biologists  from  a  variety  of  different 
disciplines  offers  the  prospect  of  accelerating  drug  development,  and  of 
supplementing  the  traditional  empirical  approaches  which  have  yielded  most 
of  our  clinically  successful  antitumor  drugs  up  to  the  present  time  with 
specific  target-site  directed  drug  design  programs. 
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The  major  organizational  entities  within  the  original  Laboratory  of  Medicinal 
Chemistry  and  Biology,  in  addition  to  the  Drug  Design  and  Chemistry  Section, 
were  the  Molecular  Biology  and  Methods  Development  Section,  with  the  capacity 
to  assess  the  effects  of  new  agents  on  cell  growth  and  cell  cycle  progression, 
and  including  a  membrane  biology  group,  with  a  specific  interest  in  the  role 
of  tumor  cell  membrane  alterations  in  drug  resistance;  and  an  Applied  Pharma- 
cology Section  which  is  concerned  both  with  the  mode  of  action  of  new  agents 
at  the  molecular  level  and  with  disposition  and  metabolic  studies  of  such 
agents  in  experimental  animals  and  at  the  Phase  I  level.   The  Office  of  the 
Chief,  LMCB,  in  addition  to  assuming  administrative  responsibilities  for  the 
Laboratory  as  a  whole,  also  maintains  an  active  research  interest  in  anti- 
tumor drug  disposition  studies,  in  the  mode  of  action  of  new  agents,  and  in 
the  identification  of  potential  sites  for  pharmacological  attack.   On  March  1, 
1980,  the  Laboratory  underwent  a  major  expansion,  with  the  addition  of  two 
additional  organizational  components,  i.e.,  the  Biochemistry  and  Drug  Inter- 
actions Sections.   The  Biochemistry  Section  is  concerned  with  the  mechanisms 
by  which  antitumor  agents,  and  particularly  the  oncolytic  analogues  of  the 
dicarboxylic  amino  acids  exert  their  inhibitory  effects  on  pyrimidine  and 
purine  biosynthetic  pathways;  while  the  Drug  Interactions  Section  studies 
the  effects  on  the  action  of  antitumor  drugs  of  factors  such  as  metabolism, 
absorption,  tissue  distribution,  protein  binding  and  excretion.   Throughout 
the  Laboratory,  particular  stress  is  given  to  studies  of  agents  originating 
from  within  the  LMCB  drug  synthesis  program. 

As  indicated  above,  this  Laboratory  has  an  interest  both  in  new  antitumor 
agents  originating  from  the  scientific  community  as  a  whole,  and  also  in 
agents  originating  within  our  own  Drug  Design  and  Chemistry  Section.   Of  the 
latter  group,  the  compound  AZQ  (NSC-182986)  is  presently  in  clinical  trial, 
spirohydantoin  mustard  (NSC-172112)  has  started  toxicology  evaluation  prior 
to  a  Phase  I  study,  and  dihydro-5-azacytidine  (NSC-264880)  is  scheduled  for 
toxicology  as  soon  as  an  adequate  supply  of  the  drug  is  obtained. 

To  expedite  the  clinical  pharmacology/Phase  I  studies  of  AZQ,  quantitative 
analytical  techniques  were  developed  for  its  analysis  in  plasma,  urine  and 
CSF.   A  HPLC  method  was  applied  to  a  pharmacokinetic  study  of  this  drug  in 
humans,  dogs  and  rats.   Concentrations  as  low  as  5  ng/ml  can  be  quantitated 
In  human  plasma.   AZQ  exhibited  biphasic  human  plasma  pharmacokinetics  with 
approximate  half-lives  in  the  a-  and  6-  phase  of  3  and  30  minutes,  respective- 
ly.  The  HPLC  method,  in  addition  to  its  utilization  in  intramural  clinical 
studies  presently  under  way,  has  also  been  supplied  to  a  number  of  extramural 
clinical  investigators  with  an  interest  in  Phase  I/clinical  pharmacology 
studies  of  AZQ. 

Efforts  have  continued  on  the  development  of  an  effective  inhibitor  of 
cytidine  deaminase,  an  enzyme  responsible  for  the  catabolic  deamination  of 
both  araC  and  5-azacytidine.   Considerable  progress  was  achieved  in  the 
design  and  synthesis  of  inhibitors  of  cytidine  deaminase,  the  enzyme  which 
converts  ara-C  into  inactive  ara-U.   The  pyrimidine  analog  of  the  ring  ex- 
panded purine  nucleoside,  coformycin,  was  prepared  utilizing  a  10-step 
synthetic  sequence.   A  new  method  for  coupling  cyclic  ureas  to  sugars  was 
required  and  developed  in  order  to  produce  the  target  nucleoside.   This 
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compound  and  several  other  new  7-member  pyrimidine  nucleosides  have  been 
found  to  be  ten  times  more  potent  (K.  =  2  x  10  M)  as  inhibitors  of  cytidine 
deaminase  than  tetrahydrouridine.   Larger  amounts  of  the  more  promising  com- 
pounds in  this  series  are  presently  being  prepared  for  biological  testing 
in  vivo  in  combination  with  araC. 

Another  long-term  interest  of  this  Laboratory  is  the  design  and  synthesis 
of  agents  with  specificity  against  malignant  melanotic  melanoma.   In  view 
of  the  significant  biochemical  differences  between  melanotic  melanoma  and 
normal  tissues,  this  area  would  appear  to  offer  a  number  of  opportunities 
for  antitumor  drug  design  based  on  principles  of  specific  enzymatic  activa- 
tion.  The  synthesis  of  two  target  compounds  in  this  area,  B- (4-hydroxyanil- 
ino)-a-  aminopropinic  acid  (OH  para)  and  6-(3-hydroxyanilino)-a-aminopropionic 
acid  (OH  meta)  is  near  completion  (see  Project  Number  ZOl  CM  03580-11  LMCB) . 

In  another  approach  to  the  treatment  of  melanoma,  syntheses  of  a  number  of 
catecholamine  analogues  of  dopamine  have  been  carried  out.   Recent  studies 
in  this  laboratory  have  established  that  (a)  the  catechol  hydroxyl  groups 
of  dopamine  were  required  for  antitumor  activity  and  (b)  the  aminoethyl  side 
chain  of  the  molecule  could  be  replaced  with  methyl  or  aminomethyl  groups 
without  abolition  of  antitumor  activity.   Oxidation  of  the  catechol  to  an 
o^-quinone  which  then  reacted  with  sulfhydryl  containing  enzymes  was  suggest- 
ed as  a  possible  mechanism  of  action  for  this  class  of  compounds.   These 
considerations  have  led  to  the  synthesis  of  a  series  of  hydroxylated 
benzylamines,  the  antitumor  activity  of  which  is  currently  under  evaluation. 

Another  major  interest  of  this  Laboratory  is  the  modification  of  natural 
products  which  have  known  antitumor  activity,  but  which  have  not  achieved 
clinical  status,  either  because  of  low  activity,  or  because  of  undesirable 
pharmacological  or  toxicological  properties.   Studies  in  this  area  in  the 
past  year  have  included  modifications  of  the  natural  product  ellagic  acid, 
designed  to  improve  the  solubility  of  this  antitumor  agent;  and  preparation 
of  analogues  of  showdomycin,  a  nucleoside  antibiotic  with  antitumor  activity. 
Assessment  of  the  pharmacological  activity  of  these  natural  product  analogues 
is  presently  in  progress. 

The  development  of  new  analytical  techniques  for  agents  of  interest  to  LMCB 
has  continued.   The  objectives  of  these  studies  are  to  establish  the  struc- 
ture and  purity  of  new  antitumor  agents,  and  also  to  elucidate  reaction 
mechanisms  and  to  develop  assays  for  the  quantitation  of  these  agents  in 
physiological  samples.   Mass  spectrometry,  gas-liquid  chromatography  and 
HPLC  techniques  are  used.   Compounds  of  current  interest  are  cytidine  deamin- 
ase inhibitors,  reduced  nucleosides,  seven-membered  nitrogen  heterocycles , 
and  aziridinylquinones.   Investigation  of  silylation-mediated  oxidation 
reactions  is  continuing. 

A  long-term  interest  of  this  Laboratory  is  the  development  of  quantitative 
structure :activity  correlations  in  the  antitumor  drug  area,  as  an  aid  in 
antitumor  drug  design.   These  studies  are  carried  out  both  within  our  own 
Laboratory  and  also  via  a  contract  presently  held  with  Prof.  Corwin  Hansch 
of  Pomona  College,  a  recognized  authority  in  this  area.   In  our  own 
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Laboratory,  an  extensive  study  of  the  effect  of  structural  variations  on 
antitumor  activity  within  the  colchicine  series  has  recently  been  completed 
and  a  study  of  acute  toxicity  (LD^  )  in  this  series  is  underway.   Preliminary 
results  indicate  that  the  toxicity  and  activity  correlations  are  parallel 
and  show  the  same  dependence  on  log  P,  (log  P)   and  the  beneficial  effect  of 
electron-withdrawing  groups  on  the  amide  nitrogen.   The  optimal  log  P 
(log  P^)  values  for  both  activity  and  toxicity  are  quite  similar  (1.72  vs 
1.52).   In  order  to  probe  the  effect  of  substituents  in  the  4-position 
(A-ring)  on  colchicine  antitumor  activity  and  toxicity,  the  4-formyl,  4- 
cyano  and  4-hydroxymethyl  derivatives  were  synthesized.   Biological  evalua- 
tion, including  tubulin  binding  studies,  is  in  progress. 

In  other  structure :activity  studies,  we  are  presently  attempting  to  correlate 
structural  parameters  within  the  anthracenedione  series  with  i^  vivo  activity. 
Similar  studies  are  being  carried  out  within  the  quinolizinium  and  the  2,4- 
diaminopyrroloquinazoline  series. 

At  the  molecular  level,  studies  have  continued  on  the  effects  of  nucleoside 
analogues  on  RNA  synthesis  per  se,  on  the  methylation  of  RNA,  and  also  on 
the  modifications  of  the  translational  activity  of  mRNA  following  the  in- 
corporation of  these  molecules;  such  studies  appear  to  be  a  sensitive  method 
for  defining  and  assessing  differences  among  the  modes  of  action  of  these 
compounds  as  antitumor  agents  in^  vivo.   Compounds  or  combinations  of  compounds 
of  this  class  studied  during  the  past  year  are  5-fluorouracil  (5-FU) ,  5-FU 
plus  PALA,  5-azacytidine,  5,6-dihydro-5-azacytidine,  sangivamycin,  thio- 
sangivamycin  and  cordycepin  (3'-deoxyadenosine) .   The  following  effects 
were  observed. 

1.  The  effect  of  5-fluorouracil  (5-FU)  on  nuclear  RNA  synthesis  and  its  in- 
corporation into„nuclear  RNA  were  studied  in  L1210  cells  in  vitro.   The  in- 
corporation of  I  H]5-FU  into  the  three  species  of  nuclear  RNA  revealed  that 
the  concentration  of  drug  per  unit  of  RNA  was  greatest  in  poly (A)hnRNA,  while 
the  non-poly (A) hnRNA  fraction  contained  the  greatest  total  amount  of  5-FU. 
These  results  show  that  although  transcription  is  not  impaired  by  5-FU,  post- 
transcriptional  polyadenylylation  is  inhibited.   Moreover,  incorporation  of 
5-FU  into  nuclear  RNA  and  particularly  poly (A)-containing  RNA  appears  to  be 
the  predominant  feature  of  this  drug  with  respect  to  transcription  in  L1210 
cells.   In  further  studies,  it  was  found  that  the  methylation  of  4S  nuclear 
RNA  is  impaired  by  5-FU  at  concentrations  of  drug  which  do  not  significantly 
impair  its  transcription. 

2.  FUTP  was  found  by  nearest  neighbor  analysis  to  produce  base-pair  trans- 
formations with  mammalian  RNA  polymerases,  and  suggest  that  this  effect  may 
account,  in  part,  for  the  aberrant  effects  of  5-fluorouracil  on  RNA  syn- 
thesis and  processing  in  vivo. 

3.  Attempts  were  made  to  define  the  biochemical  basis  for  resistance  of 
murine  leukemia  P388  to  5-FU.   The  findings  indicate  a  dual  mechanism  for 
resistance  to  5-FU  in  these  leukemic  cells:  a  depressed  capacity  to  generate 
di-  and  triphosphates  of  the  riboside  and  deoxyriboside  of  the  drug  leading 
to  lower  pools  of  the  proximate  antimetabolite,  FUTP,  and  accelerated 
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excretion  of  FdUMP,  so  that  thymidylate  synthetase  is  perturbed  in  a  less 
than  lethal  way. 

4.  The  combination  of  PALA  and  5-FU  was  found  to  prolong  the  inhibition  of 
thymidylate  synthetase  and  to  enhance  the  incorporation  of  5-FU  into  RNA 

in  comparison  to  the  single  regimen  of  5-FU. 

5.  The  effect  of  5-azacytidine  (AZC)  and  5, 6-dihydro-5-azacytidine  (DHAZC) 
on. nuclear  RNA  synthesis  was  studied  in  L1210  cells  in  vitro.   [   C]AZC  and 

[   C]DHAZC  were  incorporated  into  all  species  of  nRNA  at  concentrations  that 
did  not  impair  transcription,  with  the  highest  incorporation  occurring  in 
polyadenylic  acid-containing  hnRNA.   These  results  suggest  that  AZC  and 
DHAZC  at  low  concentrations  may  produce  their  cytotoxic  and  antitumor  effects 
via  their  incorporation  into  nRNA,  and  at  higher  concentrations  inhibit  the 
methylation  of  rRNA,  as  well  as  the  transcription  of  rRNA  and  polyadenylic 
acid-containing  RNA.   DHAZC  was  as  potent  an  inhibitor  as  the  parent  drug 
on  the  synthesis  of  high  molecular  weight  RNA,  but  was  slightly  more  effect- 
ive in  inhibiting  the  synthesis  of  5S  and  4S  RNA  with  respect  to  both  con- 
centration of  drug  and  duration  of  labeling.   These  studies  demonstrate  that 
the  dihydro  analog  of  AZC  has  a  mode  of  action  similar  to  that  of  the  parent 
drug  with  respect  to  its  effects  on  the  synthesis  and  methylation  of  5S  and 
4S  nuclear  RNA. 

6.  The  molecular  effects  of  the  pyrrolopyrimidine  analogs,  sangivamycin  and 
thiosangivamycin,  on  RNA  and  DNA  synthesis  were  examined  in  L1210  cells  in 
vitro.   The  RNA- inhibitory  effects  of  these  agents  appear  to  predominate, 
with  50%  inhibition  of  RNA  synthesis  being  observed  at  drug  levels  with 
little  or  no  effect  on  DNA  synthesis.   Sangivamycin  and  thiosangivamycin 
inhibited  the  syntheses  of  nuclear  rRNA,  non-poly (A)  heterogeneous  RNA  and 
poly (A)  heterogeneous  RNA  to  equal  extents,  but  the  potency  of  sangivamycin 
was  approximately  10-fold  less  than  that  of  thiosangivamycin.   These  results 
suggest  that  sangivamycin  and  thiosangivamycin  act  as  adenosine  analogs  to 
inhibit  the  transcription  of  all  forms  of  nuclear  RNA  in  L1210  cells. 

7.  The  adenosine  analogs  tubercidin,  formycin  and  8-azaadenosine  were  ex- 
amined for  their  effects  on  the  synthesis  and  methylation  of  nuclear  RNA  in 
L1210  cells  in  vitro.   The  effects  of  8-azaadenosine  and  formycin,  but  not  of 
tubercidin,  were  potentiated  by  2'-deoxycoformycin.   These  results  indicate 
that  tubercidin,  8-azaadenosine  and  formycin  can  preferentially  inhibit 

the  base  methylation  of  nuclear  RNA  relative  to  its  synthesis. 

In  related  studies,  the  incorporation  of  pyrimidine  antimetabolites  (e.g., 
5-f luorouracil  and  5-azacytidine)  into  mRNA,  and  the  consequences  of  such 
incorporation  on  translation  of  mRNA  was  investigated.   The  labeled  transla- 
tion products  were  analyzed  by  isoelectric  focussing  and  polyacrylamide  gel 
electrophoresis,  and,  in  addition,  rRNA  and  poly(A)RNA  were  analyzed  for  mod- 
ification of  their  size  and  rate  of  synthesis.   The  experimental  system 
used  was  that  of  regenerating  liver  in  partially  hepatectomized  rats,  treated 
with  5-FU  1  hr.  and  16  hr.  after  surgery.   Poly(A)RNA  synthesis  was  unaffect- 
ed, while  rRNA  synthesis  was  decreased  approximately  60%.   Poly(A)RNA  from 
rats  treated  with  5-FU  (20  mg/kg)  stimulated  translation  by  240%  in  compari- 
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son  to  poly(A)RNA  from  control  animals;  however  there  was  no  change  in  the 
size  or  isoelectric  composition  of  the  proteins,  and  no  new  products  were 
observed. 

In  further  studies  on  the  adenosine  deaminase  inhibitor  2'-deoxycoformycin, 
the  metabolism  of  tritium-labeled  2'-dCF  was  determined  on  L1210  cells  in 
vitro.   It  was  found  that  3-16%  of  the  drug  was  converted  to  2'-dCF  mono- 
phosphates, but  higher  nucleotides  could  not  be  detected.   In  man,  pharma- 
cokinetic studies  of  2'-dCF  and  of  adenosine  metabolites  are  presently  being 
carried  out  in  patients  in  Phase  I/II  clinical  trials. 

The  Biochemistry  Section,  LMCB,  examines  the  biochemical  mechanisms  under- 
lying the  therapeutic  activity  and  the  toxicity  of  new  oncolytic  drugs,  and 
devises  rational  methods  for  increasing  therapeutic  activity  and  reversing 
toxicity.   Recent  studies  have  been  concerned  with  the  mode  of  action  of 
the  antitumor  agents  PALA  (N-phosphonacetyl-L-aspartic  acid) ,  Acivicin 
(AT-125),  and  L-alanosine. 

With  respect  to  the  aspartate  transcarbamylase  (ATCase)  inhibitor  PALA, 
ATCase  activity  has  been  evaluated  in  several  variants  of  Lewis  Lung  carcinoma 
which  had  become  resistant  as  a  result  of  repeated  doses  of  the  drug.   The 
results  indicate  that  either  ATCase  turns  over  more  rapidly  in  the  PALA- 
resistant  tumors,  or  that  an  augmented  pool  of  carbamyl  phosphate  serves  to 
displace  PALA  from  its  target,  and  consequently,  diminishes  ATCase  inhibi- 
tion.  Measurements  of  the  specific  activities  of  all  of  the  pyrimidine  bio- 
synthetic  enzymes  in  these  tumor  lines  showed  that  the  first  and  rate- 
limiting  enzyme,  carbamyl  phosphate  synthetase  II  (CPS  II),  was  significan- 
tly elevated  in  the  two  resistant  variants.   Increased  CPS  II  activity  should 
lead  to  enhanced  carbamyl  phosphate  pools  and  thus  competitive  displacement 
of  PALA  from  ATCase  in  the  resistant  lines.   The  importance  of  CPS  II  as  a 
co-determinant  of  PALA  sensitivity  will  be  evaluated  by  examining  CPS  II 
activities  and  carbamyl  phosphate  pools  in  a  spectrum  of  naturally  sensitive 
and  resistant  tumors. 

In  view  of  the  apparent  correlation  between  PALA  resistance  and  increased 
carbamyl  phosphate  levels,  it  was  felt  that  a  decrease  in  carbamyl  phosphate 
production,  as  a  result  of  inhibiting  the  enzyme  CPS  II,  might  render  PALA- 
resistant  tumors  sensitive  to  the  drug.   In  a  survey  of  potential  CPS  II 
inhibitors,  the  most  effective  was  found  to  be  Acivicin  (AT-125).   In  vivo, 
PALA:Acivicin  combinations  gave  significant  inhibition  of  Lewis  Lung  tumor 
growth  in  resistant  lines  which  did  not  respond  to  either  agent  alone.   Long- 
term  cures  (3/10)  were  observed  with  the  combination  Acivicin,  10  mg/kg  plus 
PALA,  200  mg/kg.   These  results  suggest  that  carbamyl  phosphate  production 
is  an  important  modulator  of  PALA  therapeutic  activity. 

Further  studies  with  the  glutamine  antagonist  Acivicin  (AT-125)  have  also 
been  carried  out.   A  sensitive  radiometric  enzyme  inhibition  assay  was 
developed  for  the  determination  of  Acivicin  in  plasma,  based  on  the  potent 
inhibition  of  carbamyl  phosphate  synthetase  II  by  the  drug.   To  demonstrate 
the  practical  usefulness  of  this  assay,  the  time-course  of  clearance  of 
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Acivicin  from  the  plasma  of  mice  given  a  therapeutic  dose  (205  mg/kg)  of 
the  drug  was  studied.   These  studies  indicated  that  the  drug  had  a  short 
plasma  clearance  time  (t,  "^  27  min)  and  reached  undetectable  levels  after 
4  hours  (<10  uM)  after  A(fivicin  administration. 

Comprehensive  studies  have  also  been  undertaken  with  L-Alanosine,  designed 
to  determine  whether  the  active  metabolite  is  the  adduct  L-Alanosyl-AICOR 
(5-amino-4- imidazole  carboxylic  acid  ribonucleotide) ,  which  is  known  to  be 
a  potent  inhibitor  of  adenylosuccinate  synthetase.   By  administering  mass- 
ive doses  of  radioactive  drug  and  using  high  resolution  automated  chroma- 
tography we  have  been  able  to  show  that  an  adduct  of  L-Alanosine  and  AICOR, 
in  fact,  does  accumulate  in  tumors.   As  an  authentic  standard  we  synthesized 
L-Alanosyl-AICOR  by  enzymatic  means  using  chicken  liver  SAICAR  synthetase; 
the  molecule  isolated  from  tumors  was  then  compared  with  this  standard. 
In  all  respects,  the  properties  of  the  molecule  isolated  from  tumor  were 
compatible  with  those  of  L-Alanosyl-AICOR.   In  ancillary  studies,  it  was  also 
shown  for  the  first  time  ijn   vivo  that  the  parenteral  administration  of  L- 
Alanosine  reduces  the  specific  activity  of  ASS  by  70%  and  depresses  the  syn- 
thesis of  DNA  to  an  equivalent  or  greater  degree;  adenine  (but  not  hypoxan- 
thine)  was  able  to  reverse  the  latter  inhibition.   Viewed  in  concert  these 
experiments  established  that  the  adduct  of  L-Alanosine  with  AICOR  is  formed 
by  neoplasms  and  that  this  anabolite  is  responsible  for  the  inhibition  of 
ASS  and  in  turn  for  the  diminished  synthesis  of  DNA  seen  after  a  therapeutic 
dose  of  L-Alanosine. 

Two  most  important  areas  to  be  considered  with  respect  to  future  work  with 
L-Alanosine  are:  (1)  combination  chemotherapy  using  L-Alanosine  as  one  drug 
along  with  a  second  agent  capable  of  blocking  purine  biosynthesis  at  an 
earlier  step  or  with  another  drug  such  as  PALA  which  inhibits  pyrimidine 
biosynthesis.   Consideration  should  also  be  given  to  the  use  of  L-Alanosine 
along  with  another  drug  known  to  depress  the  synthesis  of  guanine  nucleo- 
tides; Acivicin  is  such  an  agent.   Secondly,  analogs  of  L-Alanosyl-AICOR 
should  be  synthesized.   This  molecule,  being  a  nucleotide  may  not  enter  the 
cell  easily;  however,  the  riboside  moiety  of  this  nucleotide  might  not  be 
so  impeded. 

Studies  have  continued  on  the  mechanism  of  resistance  to  the  clinically  use- 
ful alkylating  agent  melphalan.   Techniques  for  growth  of  primary  cultures 
from  2^  vivo  lines  of  melphalan  sensitive  and  resistant  L1210  leukemia  cells 
have  been  established,  and  the  chromosome  complement  of  the  sensitive  and 
resistant  lines  determined.   No  difference  in  melphalan  uptake  was  found  at 
concentrations  of  drug  which  blocked  the  growth  of  sensitive  but  not  resis- 
tant cells.   The  glutathione  content  of  the  resistant  cells  was  2  to  3-fold 
that  of  the  sensitive  cells;  however  both  cell  lines  were  equally  sensitive 
to  sulfhydryl  reagents  such  as  iodoacetamide  and  no  evidence  of  glutathione 
adducts  with  labeled  melphalan  could  be  found.   Resistant  cells  hydrolyzed 
more  melphalan  to  the  inactive  hydroxyethyl  derivative,  and  subcellular 
distribution  studies  indicated  that  sensitive  cells  bound  more  labeled 
melphalan  to  both  cytoplasmic  and  nuclear  components. 
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As  a  potential  aid  to  the  rational  design  of  alkylating  agents,  the 
carrier  systems  responsible  for  the  uptake  of  melphalan  and  related  amino 
acid  nitrogen  mustards  by  tumor  cells  have  been  defined  further.   Entry  of 
melphalan  into  L1210  cells  was  found  to  be  dependent  on  two  mechanisms: 
the  well-known  L-system,  which  mediates  the  uptake  of  branch-chained  and 
aromatic  amino  acids,  and  a  second,  less  well-defined  system  with  high 
affinity  for  leucine  and  a  lower  affinity  for  melphalan,  alanine,  phenyl- 
alanine and  serine.   On  extending  these  studies  to  bone  marrow  progenitor 
cells  of  the  white  cell  series,  it  was  found  that  the  latter  lack  the  L-sys- 
tem.  These  observations  suggest  that  an  amino  acid  nitrogen  mustard  which 
incorporates  the  structural  features  of  amino  acids  transported  predominantly 
or  exclusively  by  the  L-system  would  show  greater  differential  toxicity  to 
tumor  cells  v£.  normal  bone  marrow  cells  than  would  melphalan,  which  is 
only  partially  dependent  on  the  L-system  for  transport.   Mustard  derivatives 
of  the  tricyclic  amino  acid  2-aminoadamantane-2-carboxylic  acid  are  currently 
being  studied. 

Possible  clinical  applications  of  these  studies  were  explored  using  human 
ovarian  carcinoma  cells.   Examination  of  ascitic  fluid  from  ovarian  tumor 
patients  showed  the  presence  of  a  number  of  amino  acids,  notably  leucine  and 
glutamine,  at  concentrations  sufficient  to  reduce  by  as  much  as  7-fold  the 
uptake  of  melphalan,  when  compared  with  the  uptake  rate  from  amino  acid-free 
medium.   Cytotoxicity  was  determined  by  ovarian  carcinoma  stem  cell  cloning 
assay,  and  significant  reduction  in  therapeutic  efficacy  of  melphalan  was 
noted  when  cells  were  incubated  with  drug  in  amino  acid  supplemented  medium, 
as  compared  to  the  efficacy  noted  when  incubations  were  carried  out  in  an 
amino  acid-free  medium.   The  results  indicate  that  a  reduction  of  the  amino 
acid  level  of  the  ascitic  fluid  prior  to  melphalan  administration  would  be 
of  value  in  the  treatment  of  this  tumor. 

A  major  concern  of  the  Drug  Interactions  Section  has  been  the  pharmacology  of 
the  important  antitumor  agent  adriamycin.   While  this  agent  has  been  in 
clinical  use  for  several  years,  the  manner  in  which  it  exerts  its  toxic 
effects,  and  particularly  its  dose-limiting  cardiomyopathic  effects,  is  little 
understood.   Recent  studies  from  this  laboratory  and  others  indicate  that 
adriamycin,  by  virtue  of  its  ability  to  form  semiquinone  radicals,  has  the 
ability  to  participate  in  electron  transfer  from  NADPH  to  molecular  oxygen, 
with  the  resultant  formation  of  activated  forms  of  oxygen  (e.g.  superoxide 
anion  and  hydroxyl  radical)  and  thus  the  ability  to  catalyze  lipid  perox- 
idation. 

In  further  study  of  this  effect,  it  was  noted  that,  in  liver  microsomes  in 
vitro,  adriamycin-augmented  lipid  peroxidation  was  linear  with  time  to  60 
minutes,  and  was  proportional  to  adriamycin  concentration  up  to  100  pM.   An 
NADPH-generating  system  was  superior  to  NADPH,  and  an  oxygen  atmosphere 
tripled  the  rate  of  lipid  peroxidation  as  compared  to  the  rate  observed  in 
air. 

Since  lipid  peroxidation  leads  to  decreased  activity  of  those  enzymes  of  the 
endoplasmic  reticulum  which  are  responsible  for  the  oxidation  of  drug  sub- 
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strates,  it  was  felt  that  adriamycin,  in  view  of  its  ability  to  increase  the 
rate  of  peroxidation,  would  lead  to  an  impairment  of  the  drug-metabolizing 
ability  of  microsomes.   With  rat  liver  microsomes  in  vitro,  adriamycin 
was  found  to  cause  significant  inhibition  of  aminopyrine  demethylase  and 
glucose-6-phosphatase  activities,  a  decrease  in  cytochrome  P450,  and  a 
marked  increase  in  UDP-glucuronyltransf erase.   These  in  vitro  effects  were 
not  seen  with  microsomes  from  adriamycin-pretreated  rats,  presumbably  because 
of  protection  against  lipid  peroxidation  by  superoxide  dismutase,  catalase, 
and  glutathione  peroxidase,  all  of  which  are  separated  from  microsomes 
during  the  isolation  procedure. 

Stimulation  of  the  rate  of  lipid  peroxidation  in  mouse  heart  and  liver 
microsomes  was  also  seen  with  a  number  of  adriamycin  analogues  such  as 
carminomycin  and  aclacinomycin.   Not  all  quinones  were  capable  of  producing 
this  stimulatory  effect;  marked  inhibition  of  peroxidation  was  seen  in  the 
presence  of  aminoanthracenedione  and  lapachol  (5  to  10  pM) .   It  would  appear 
likely  that  under  the  incubation  conditions  used,  the  latter  compounds  are 
unable  to  form  semiquinone  intermediates  capable  of  transferring  electrons 
to  molecular  oxygen. 

In  further  studies  on  the  pharmacology  and  toxicology  of  adriamycin,  the 
therapeutic  effect  of  adriamycin  in  combination  with  moderate  local  hyper- 
thermia was  monitored  in  the  mouse  mammary  adenocarcinoma  test  system. 
Enhancement  of  the  antitumor  effect  of  adriamycin  was  noted,  with  cures 
being  observed  in  the  group  receiving  adriamycin  and  heat  simultaneoulsy. 
No  enhancement  was  seen  if  the  two  treatment  modalities  were  separated 
by  four  or  more  hours. 

Within  the  Office  of  the  Chief,  studies  have  continued  on  the  clinical 
pharmacology  of  methotrexate,  on  the  isolation  and  characterization  of 
tubulin,  and  on  the  pharmacology  of  AZQ  (NSC-182986) ,  an  aziridinylquinone 
with  wide-spectrum  antitumor  activity  which  was  developed  within  LMCB  and 
which  is  currently  undergoing  clinical  trial.   With  reference  to  the  first 
of  these  projects,  a  sensitive  radiometric  assay  has  now  been  developed  for 
human  liver  aldehyde  oxidase,  an  enzyme  which  catalyzes  the  oxidation  of 
methotrexate  to  7-hydroxymethotrexate.   The  enzyme  has  now  been  studied  in 
liver  necropsy  tissue  obtained  from  6  human  subjects  ranging  in  age  from 
19  to  64  years.   The  enzyme  has  properties  similar  to  aldehyde  oxidase 
from  other  mammalian  species,  but  is  present  in  human  liver  at  extremely  low 
levels  (rabbit: monkey :man:  100:2.8:0.02). 

In  view  of  the  number  of  antineoplastic  agents  which  exert  their  effects  on 
microtubule  structure  and  function  (e.g.  the  Vinca  alkaloids,  the  podophyllo- 
toxins  and  the  maytansinoids) ,  a  new  project  has  been  undertaken  to  study 
the  process  of  microtubule  polymerization,  in  an  effort  to  detect  new  sites 
for  therapeutic  attack.   The  activity  of  tubulin  has  been  found  to  be  highly 
unstable,  and  this  has  hampered  attempts  at  purification.   In  particular, 
virtually  all  the  most  purified  preparations  described  to  date  have  been 
contaminated  with  a  number  of  enzymatic  activities,  such  as  nucleoside  di- 
phosphate kinase  and  nucleoside  triphosphatase,  which  would  greatly  interfere 
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with  nucelotide  analogue  studies.   In  initial  studies,  we  have  attempted  to 
develop  methods  to  stabilize  tubulin  and  to  develop  an  improved  purification 
procedure.   The  colchicine  binding  activity  of  tubulin  rapidly  decays  if  the 
protein  is  preincubated  in  the  absence  of  the  drug  even  at  0  .   We  have  used 
this  well-described  property  of  tubulin  in  an  intensive  search  for  compounds 
which  will  prevent  this  inactivation.   We  have  confirmed  earlier  findings 
that  GTP,  sucrose  and  glutamate  stabilized  tubulin,  but  we  were  unable  to 
confirm  reports  that  glycerol  also  stabilized  the  protein.   The  stabiliza- 
tion observed  with  glutamate  was  particularly  remarkable.   The  effect  of 
glutamate  had  been  previously  examined  at  low  concentrations  only;  we 
found,  however,  that  the  degree  of  stabilization  continuously  increased  with 
concentration  of  the  amino  acid.   Preliminary  data  indicate  that  glutamate 
causes  tubulin  to  aggregate  and  then  precipitate  in  a  stable  conformation. 
These  findings  induced  us  to  examine  other  carboxylic  acids.   Although 
many  of  these  compounds  were  effective  in  stabilizing  tubulin,  none  was  as 
effective  as  glutamate.   A  second  class  of  organic  acids,  however,  was 
found  to  include  members  even  more  effective  than  glutamate  in  stabilizing 
the  colchicine  binding  activity  of  tubulin.   These  were  organic  phosphates, 
with  the  most  effective  being  glucose-1-phosphate,  glucose-6-phosphate, 
fructose-1,  6-(bis)phosphate,  6-phosphogluconate,  phosphoenolpyruvate,  and 
creatine  phosphate.   Alone,  these  compounds  were  also  most  effective  at 
high  concentrations.   Synergistic  stabilizing  effects  could  be  seen, 
however,  when  GTP,  glutamate,  and  an  organic  phosphate  were  used  in  com- 
bination.  Optimum  conditions  are  still  being  explored,  but  in  such  mixtures 
tubulin  is  indefinitely  stable  at  0°,  and  its  half-life  at  37°  is  over  a 
week  long. 

Efforts  have  continued  on  the  development  of  techniques  for  the  analysis 
of  drug  effects  on  proliferative  cell  cycle  progression  and  for  the  applica- 
tion of  such  techniques  to  the  characterization  of  cancer  chemotherapeutic 
drugs  and  to  the  identification  of  new  agents  with  potential  therapeutic 
activity.   These  studies  are  not  restricted  to  agents  under  development  by 
LMCB,  but  encompass  compounds  being  developed  by  the  Developmental 
Therapeutics  Program  as  a  whole.   The  methods  employed  in  this  project  are 
mammalian  cell  culture  techniques  as  applied  to  the  growth  of  tumor  cells 
in  suspension  culture;  flow  microfluorometric  determination  of  cell  DNA 
content  of  fluorescent-stained  cells;  and  processing,  analyzing  and  plotting 
of  cell  DNA  content  frequency  distributions  by  computer.   During  the 
current  year,  the  following  drugs  were  evaluated:  5-methyltetrahydrohomofolate 
(NSC-139490),  deoxycoformycin  (NSC-218321) ,  Yoshi-864  (NSC-102627) , 
cycloleucine  (NSC-1026) ,  nafoxidine  (NSC-70735)  and  aphidicolin  (NSC-234714) . 

The  preceding  outline  summarizes  the  objectives  of  the  Laboratory  of 
Medicinal  Chemistry  and  Biology,  and  describes  some  of  the  research  carried 
out  within  the  Laboratory  during  the  year.   The  bibliography  for  the 
Laboratory  as  a  whole  is  listed  below,  followed  by  the  individual  Project 
Reports  which  describe  this  research  in  greater  detail. 
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:  SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

JThe  rational  development  of  new  antineoplastic  agents  directed  against 
Itubulin,  a  protein  critical  for  cell  division,  requires  greater  understanding 
of  the  interactions  between  the  polypeptide  subunits  of  tubulin  and  its  two 
tightly  bound  guanine  nucleotides.   We  have  continued  our  studies  on  agents 
which  stabilize  this  very  unstable  protein,  and  have  found  that  several  of 
these  stabilizing  agents  also  have  the  property  of  inducing  tubulin  to 
polymerize  into  microtubules  in  a  reaction  requiring  no  further  addition 
lexcept  OTP.   We  have  employed  the  most  economical  of  these  stabilizing  agents, 
the  amino  acid  glutamate,  to  develop  a  rapid,  large-scale  purification  of 
tubulin.   The  purified  protein  is  electrophoretically  homogeneous  and  free  of 
nucleoside  diphosphate  kinase  and  ATPase  activities.   The  polymerization  and 
GTPase  activities  of  the  purified  tubulin  in  the  glutamate-dependent  system 
were  examined.   Finally,  preliminary  studies  of  the  effect  of  analogues  of 
GTP  on  the  polymerization  reaction  were  begun. 
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Objectives: 


Microtubules  are  reversibly  formed  protein  structures  present  in  all  eucaryo- 
tic  cells.   One  of  their  most  important  functions  is  participation  in  cell 
division,  as  they  form  the  framework  of  the  mitotic  spindle.   Microtubule 
structure  and  function  are  sensitive  to  a  number  of  antineoplastic  drugs,  in- 
cluding colchicine,  the  clinically  established  vinca  alkaloids,  and  two  drug 
classes  presently  undergoing  clinical  trials,  the  podophyllotoxins  and  the 
maytansinoids.   It  is  the  goal  of  this  project  to  assist  in  the  development 
of  effective  new  anticancer  agents  interfering  with  microtubule  function. 

The  major  constituent  of  microtubules  is  an  acidic  protein  known  as  tubulin, 
which  consists  of  two  different  polypeptide  chains.   Tubulin  tightly  binds 
two  moles  of  GTP  per  mole  of  protein.   Although  distinct,  the  tubulin  subunits 
are  highly  similar  in  molecular  weight,  amino  acid  composition,  and  iso- 
electric point  and  have  never  been  separated  unless  chemically  modified.   The 
GTP  bound  by  the  tubulin  appears  to  be  at  least  partially  hydrolyzed  in  the 
course  of  microtubule  polymerization. 

The  formation  of  the  tubulin  dimer  from  its  subunits  is  an  obvious  potential 
locus  for  the  action  of  antineoplastic  agents.   The  rational  development  of 
such  drugs  would  be  greatly  aided  by  a  greater  understanding  of  the  inter- 
actions between  the  polypeptide  chains  of  tubulin  and  the  two  bound  GTP  mol- 
ecules.  It  is  therefore  a  major  goal  of  this  project  to  develop  a  method  of 
separating  the  two  subunits  of  tubulin  and  then  to  reconstitute  active  pro- 
tein from  the  separated  subunits  and  guanine  nucleotides. 

The  intimate  involvement  of  GTP  in  the  structure  of  tubulin  and  in  the  forma- 
tion of  microtubules  suggests  that  guanine  and  guanosine  analogues  may  inter- 
fere with  microtubule  function.   A  second  major  goal  of  this  project  is  to 
explore  this  possibility. 

Major  Findings  and  Proposed  Course: 

The  activity  of  tubulin  is  highly  unstable,  and  this  has  hampered  attempts 
at  purification.   In  particular,  virtually  all  the  most  purified  preparations 
described  to  date  have  been  contaminated  with  a  number  of  enzymatic  activit- 
ies such  as  nucleoside  diphosphate  kinase  and  nucleoside  triphosphatase,  which 
would  greatly  interfere  with  nucleotide  analogue  studies.   In  initial  studies, 
which  are  nearing  completion,  we  intensively  investigated  agents  which  stab- 
ilize the  protein  and  developed  an  improved  purification  procedure. 

We  found  that  many  organic  acids  were  able  to  stabilize  tubulin,  but  nine  of 
these  were  particularly  effective:  glutamate,  glutarate,  gluconate,  6-amino- 
valerate,  glucose-1-phosphate,  glucose-6-phosphate,  fructose-1,6- (bis)phos- 
phate,  creatine  phosphate  and  6-phosphogluconate.   While  studying  the  inter- 
actions of  these  acids  with  tubulin,  we  observed  that  several  of  them 
induced  the  protein  to  polymerize.   The  agents  inducing  polymerization  were 
glutamate,  glutarate,  creatine  phosphate,  glucose-6-phosphate  and  fructose-1. 
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6- (bis) phosphate,  while  the  other  stabilizing  acids  were  without  apparent 
polymerizing  ability.   The  acid- induced  polymerization  of  tubulin  shared  many 
properties  with  previously  described  in  vitro  systems  of  microtubule  assembly: 
the  reaction  was  temperature-dependent,  cold  reversible,  GTP-dependent ,  and 
inhibited  by  GDP,  colchicine  and  calcium. 

Exploration  of  the  glutamate- induced  polymerization  reaction  indicated  that 
the  amino  acid  was  so  potent  in  inducing  microtubule  formation  that  the  re- 
action proceeded  at  high  NaCl  and  moderate  urea  concentrations,  conditions 
which  previously  had  been  thought  to  completely  inhibit  microtubule  assembly. 
Furthermore,  with  glutamate-induced  polymerization,  tubulin  in  solution  could 
be  recovered  almost  quantitatively  in  the  polymerized  form  by  centrifugation 
while  almost  all  contaminating  proteins  remained  in  solution  in  the  superna- 
tant.  Since  polymerized  tubulin  disintegrates  into  the  tubulin  dimer  at  0  , 
this  finding  was  exploited  for  the  large-scale  purification  of  tubulin. 

Because  large  quantities  of  tubulin  are  needed  for  experiments  seeking  to 
separate  and  reconstitute  the  two  subunits,  we  had  concentrated  on  chroma- 
tographic methods  of  protein  purification,  with  both  DEAE-Sephadex  and  hydro- 
xyapatite  used.   We  found  that  these  tubulin  preparations  polymerized  readily 
with  glutamate  and  that  all  contaminants  could  be  separated  from  tubulin  by 
employing  several  polymerization  reactions  in  succession.   Further  study  in- 
dicated that  DEAE-Sephacel  gave  superior  results  to  DEAE-Sephadex  and  that 
hydroxyapatite  appeared  not  to  enhance  the  overall  purity  of  the  final  prod- 
uct. 

We  have  obtained  4.6  g  of  electrophoretically  homogeneous  tubulin  from  a 
single  purification  procedure.   The  protein  contains  1.9  moles  of  guanine 
nucleotide  per  mole  of  tubulin,  with  about  equal  amounts  of  GTP  and  GDP.   It 
has  no  significant  nucleoside  diphosphate  kinase  or  ATPase  activity.   A 
glutamate-dependent  GTPase  reaction  was  also  demonstrated  which  was  largely 
co-ordinate  with  the  glutamate-dependent  polymerization  reaction.   Most 
notably  one  mole  of  GTP  was  hydrolyzed  per  mole  of  tubulin  polymerized. 

Preliminary  studies  with  ribose-modif led  analogues  of  GTP  have  been  performed, 
using  the  glutamate-induced  polymerization  reation.   Two  types  of  analogues 
have  been  used:  those  in  which  deoxy  sugars  have  replaced  ribose  in  the 
nucleotide  and  those  bearing  substituents  on  the  ribose  ring.   Preliminary 
data  indicates  that  all  the  deoxy  GTP  analogues  can  replace  GTP  in  supporting 
microtubule  formation,  while  GTP  analogues  bearing  substitutents  on  the  ribose 
ring  are  not  effective  in  microtubule  assembly. 

We  are  aggressively  pursuing  these  analogue  studies.   In  particular  we  wish 
to  determine  whether  the  ineffective  analogues  can  inhibit  GTP-supported 
microtuble  assembly.   We  are  continuing  our  efforts  to  separate  the 
two  subunits  of  tubulin.   Currently  we  are  examining  hydrophobic  chromato- 
graphy and  electrofocusing,  as  neither  DEAE-cellulose  or  hydroxyapatite 
chromatography  proved  rewarding.   Finally,  we  are  Intensively  examining 
tubulin-nucleotide  interactions  in  the  glutamate-induced  polymerization  re- 
action to  gain  insights  into  the  role  of  GTP  in  tubulin  structure  and  func- 
tion. 
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Objectives: 
The  objectives  of  this  project  are: 

1.  To  establish  the  nature  of  the  enzyme (s)  responsible  for  methotrexate 
oxidation  In  human  liver  (presumably  aldehyde  oxidase) ; 

2.  To  develop  and  apply  sensitive  assays  for  enzymatic  oxidation  of  metho- 
trexate; 

3.  To  develop  relatively  simple  and  sensitive  assays  for  new  antlfols  that 
may  offer  advantages  over  methotrexate. 

Methods  Employed: 

Isolation  and  purification  of  "methotrexate  oxidase"  (presumably  aldehyde 
oxidase)  from  human  liver  and  Rhesus  monkey  liver  (for  comparative  purposes), 
using  (NH,)„SO,  precipitation  and  Sephadex  gel  filtration.   Assay  of  enzjmiatlc 
activity  by  use  of  an  assay  based  on  release  of  tritium  (as  trltlated  water) 
from  specifically  labeled  7-  H-methotrexate  and  anlysis  of  the  tritium 
content  of  the  water  by  liquid  scintillation  spectrometry.   Where  feasible, 
for  example  In  liver  samples  with  relatively  high  enzymatic  activity,  to  do 
parallel  studies  using  UV/vlsible  spectrometry  or  fluorometry  with  appropriate 
heterocyclic  substrates.   Kinetic  studies  of  enzymatic  oxidation  and  inhibi- 
tion of  oxidation. 

Major  Findings: 

Human  subjects  receiving  high-dose  methotrexate  (MTX)  excrete  significant 
amounts  of  the  metabolite  7-hydroxyMTX.   For  characterization  of  MTX- 
oxidase,  we  previously  described  a  method  based „on  recovery  of  H„0  when 
3',5'-7,9(n)-  H-MTX  is  converted  to  3',5'-9(n)-  H-7-0H-MTX  (1).   The  synthes- 
is of  specifically-labelled  7-  H-MTX  (Amersham;  13.4  C./mmole)  has  permitted 
further  development  of  this  assay.   With  this  substrate,  MTX-oxldase  activ- 
ity has  been  studied  in  the  high-speed  supernatant  fraction  of  liver  from 
4  human  subjects  (age-range  18-92  yrs).   Activity  per  unit  weight  of  liver 
is  relatively  low  (rabbit :monkey:man: :100:2. 8:0. 02;  values  uncorr.  for 
possible  H-isotope  effects).   Human  liver  MTX-oxldase  is  completely  in- 
hibited in  vitro  by  menadione  (0.01  mM) ;  45%  inhibition  was  seen  with 
trifluoperazine  (0.01  mM)  and  81%  with  the  alternate  substrate  3',5'- 
dichloroMTX  (0.1  mM) .   Allopurinol  (0.01  mM)  failed  to  inhibit;  and  NADPH 
was  not  required  for  enzyme  activity. 

Significance  for  Biomedical  Research: 

Our  studies  should  identify  the  enzyme (s)  responsible  for  methotrexate  meta- 
bolism in  man  and  provide  a  well-defined  system  for  studying  the  oxidation  by 
human  liver  of  methotrexate,  amlnopterin  and  other  antlfols.   In  addition, 
our  studies  can  contribute  to  understanding  the  role  of  aldehyde  oxidase  in 
the  metabolism  of  other  N-heterocyclic  compounds  of  pharmacological  Importance. 
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Our  studies  of  approaches  to  analysis  of  new  antifolates  in  biological 
fluids  will  facilitate  preclinical  and  clinical  pharmacokinetic  studies 
which  may  be  carried  out  with  such  drugs. 
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Objectives: 

As  part  of  the  program  of  the  Drug  Design  and  Chemistry  Section  of  LMCB  to 
design  drugs  effective  against  neoplasms  located  in  the  CNS,  a  new  anti- 
tumor agent ,  2 , 5-diazir idinyl-3 , 6-bis (carboethoxyamino) -1 ,4-benzoquinone 
(AZQ;  NSC-182986)  was  developed.   AZQ  has  been  found  to  exhibit  antitumor 
activity  in  the  following  murine  tumor  systems:  B-16  melanoma.  Colon  26, 
Colon  38,  CD8F  mammary  tumor,  ependymoblastoma,  L1210  lymphoid  leukemia, 
and  P388  lymphocytic  leukemia.   AZQ  was  also  inhibitory  when  tested  against 
human  colon  tumor  xenograft  CX-2  and  human  breast  tumor  xenograft  MX-1,  in 
athymic  mice.   Among  31  members  of  the  aziridinylbenzoquinone  class  of 
compounds  tested,  including  two  clinically  used  drugs,  trenimon  and  carbazil- 
quinone,  AZQ  emerged  as  the  agent  with  the  best  broad  spectrum  antitumor 
activity.   More  importantly,  it  was  found  to  be  active  when  given  i.p. 
against  the  P388,  L1210  and  ependymoblastoma  tumors  implanted  intracranially . 

As  part  of  the  preclinical  evaluation  of  AZQ,  the  major  objective  of  this 
project  is  to  carry  out  pharmacological  studies  on  the  pharmacokinetics, 
distribution,  excretion  and  metabolism  of  AZQ  administered  i.v.  to  rats  and 
dogs.   Because  of  the  potential  value  of  AZQ  as  a  CNS-active  antitumor  agent, 
a  major  component  of  the  project  is  to  compare  parent  AZQ  and  metabolite 
levels  in  the  brain  and  cerebrospinal  fluid  with  levels  achieved  in  the 
plasma  after  i.v.  injection  of  the  drug.   These  studies  have  been  facilitated 
with  the  recent  acquisition  of  AZQ  radiolabeled  with   C  in  the  2,3,5,6- 
positions  of  the  molecule. 

In  addition,  efforts  are  being  undertaken  to  develop  a  tumor  model  system 
in  the  rat  for  the  further  study  of  AZQ  and  other  antitumor  agents  that 
cross  the  blood-brain  barrier. 

Methods  Employed  and  Major  Findings: 

14 
In  initial  pharmacological  studies,    C-labeled  AZQ  was  given  i.v.  to  rats  at 

a  dose  of  1  mg/kg,  and  total  radioactivity  in  plasma  and  several  tissues  was 
determined  at  various  time  intervals.   The  bile  ducts  of  these  animals  were 
also  cannulated  and  radioactivity  excreted  into  the  bile  was  followed.   In 
other  studies,  animals  were  placed  in  metabolism  cages  and  radioactivity 
excreted  in  the  urine  and  feces  were  studied.   Such  studies  demonstrated  that 
total  radioactivity  disappeared  from  the  plasma  rapidly  with  a  biphasic 
clearance  pattern:  tj^   ca.  25  min,  tj   ca.  75  min.   Highest  levels  of  radio- 
activity were  found  m  the  kidneys,  fiver,  stomach  and  small  intestine. 
Levels  in  the  brain  were  of  the  same  order  of  magnitude  as  those  found  in 
the  testes  and  striated  muscle.   Moreover,  brain  to  plasma  ratios  of  radio- 
activity increased  from  0.20  at  5  min  post  injection  to  2.0  after  8  hours. 
Excretion  studies  show  that  ca.  80%  of  the  injected  dose  is  excreted  via  the 
urine  and  feces  within  72  hours:  approximately  50%  was  present  in  the  feces 
and  30%  in  the  urine.   Most  of  the  drug  excretion  via  the  urinary  route 
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occurred  within  4  hours;  most  of  the  excretion  via  the  fecal  route  occurred 
within  24  hours.   Biliary  excretion  studies  show  that  25%  of  the  dose  is 
excreted  in  the  bile  within  8  hours  and  most  of  this  occurs  within  2  hours. 
Studies  have  been  initiated  on  developing  a  method  for  detecting  and  quantita- 
ting  AZQ  and  its  metabolites  at  pharmacologically  relevant  concentrations  in 
biological  fluids  and  tissues.   Using  high-pressure  liquid  chromatography  and 
a  U,V.  detector  (341  nm) ,  concentrations  of  AZQ  down  to  1,82  pg/ml  (45.5  ng) 
could  be  quantitated. 

In  addition,  a  collaborative  study  has  been  undertaken  with  Dr.  R.  Cysyk 
(LCHP)  to  develop  a  tumor  model  system  in  the  rat  for  the  further  study  of 
AZQ  and  other  antitumor  agents  that  cross  the  blood-brain  barrier.   This 
method  is  as  follows:  a  small  cannula  is  implanted  into  the  right  lateral 
ventricle  of  the  brain  and  the  cannula  is  then  held  in  place  by  a  polyacrylic 
plate.   Through  this  cannula,  a  reproducible  number  of  WA256  cells  (in  the 
ascitic  form)  are  introduced  directly  into  the  cerebrospinal  fluid  in  the 
ventricles.   This  technique  is  relatively  innocuous  and  permeability  studies 
of  the  blood-brain  barrier,  after  surgical  implantation  of  the  cannula,  have 
demonstrated  that  the  barrier  is  still  intact.   Using  this  brain  tumor  model, 
we  have  demonstrated  the  following.   A  single  injection  of  AZQ  at  a  dose  of 
2  mg/kg  (optimal)  given  i.p.  one  day  after  tumor  inoculation  produced  long- 
term  (50-day),  tumor-free  survivors  (T/C  >500%) ,  without  any  deaths  due  to 
drug-related  toxicity.   If  AZQ  is  administered  3  days  after  tumor  inoculation 
when  the  tumor  is  more  established,  a  multidose  regimen  of  AZQ  was  required 
to  produce  long-term,  tumor-free  survivors  ("cures").   Such  studies  showed 
that  the  following  4  schedules  administered  i.p,  produced  cures  without  any 
deaths  due  to  drug-related  toxicity: 

(1)  1  mg/kg  qld  x  4,  day  3 

(2)  1  mg/kg  qld  x  5,  day  3 

(3)  1  mg/kg  q2d  x  5,  day  3 

(4)  2  mg/kg  qld  x  1,  day  3 

followed  by  1  mg/kg  q2d  x  2,  day  5 

3 

Untreated  control  animals  inoculated  with  10  WA256  cells  die  between  days 

8  and  10  after  tumor  transplant,  from  the  effects  of  tumor  growth  in  the 

brain. 

Proposed  Course : 

Efforts  are  continuing  to  refine  the  HPLC  analytical  methodology  for  AZQ  and 
its  metabolites,  in  order  to  complete  ongoing  disposition  studies  over  a 
full  range  of  pharmacologically  relevant  doses  of  the  drug. 

In  addition,  using  the  brain  tumor  model  described  above,  we  are  testing  the 
hypothesis  that  drugs  given  i.p.  which  are  active  against  the  i.p.,  i.m.  or 
s.c.  WA256,  but  which  are  inactive  in  tests  against  other  intracranially 
inoculated  tumors  (e.g.  B16,  L1210,  P388,  ependymoblastoma) ,  would  no  longer 
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be  active  against  intraventricularly  inoculated  WA256  tumor.   Drugs  in  this 
category  that  are  presently  being  tested  include:  cis-platinum  (NSC-119875) , 
nitrogen  mustard  (NSC-762) ,  and  daunorubicin  (NSC-82151) .   The  corollary  is 
that  drugs  which  are  active  against  the  WA256,  and  which  have  also  demon- 
strated activity  against  intracranially  inoculated  tumors,  would  be  expected 
to  retain  activity  in  our  tumor  model  after  i.p.  injection  of  such  drugs. 
The  nitrosourea  CCNU  (NSC-79037)  is  currently  being  tested  as  a  representative 
of  this  latter  category  of  agents  that  are  known  to  cross  the  blood-brain 
barrier. 
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Scope 


The  objectives  of  the  Drug  Design  and  Chemistry  Section  of  the  Laboratory  of 
Medicinal  Chemistry  and  Biology  are:   (1)  chemical  research  in  the  design  and 
synthesis  of  new  drugs  for  the  treatment  of  cancer,  (2)  the  chemistry  of 
agents  and  drugs  of  interest  in  the  treatment  of  cancer,  (3)  research  on  the 
structure,  purity,  decomposition  products  and  metabolites  of  antitumor  drugs 
by  analytical  instrumental  techniques,  (4)  the  quantitative  and  qualitative 
analysis  of  anticancer  drugs  in  physiological  fluids,  (5)  the  development 
of  structure-activity  techniques  to  summarize  existing  data  and  to  provide 
guidelines  for  analog  synthesis  and  (6)  the  promotion  of  the  interdiscipli- 
nary approach  to  the  synthesis  and  evaluation  of  rationally  designed  drugs 
by  means  of  collaboration  between  chemical  and  biological  scientists. 

Staff 

The   staff   consisted  of   four  senior  scientists,    one   scientist,    two  NIH  Visiting 
Scientists,    one   IPA,    two  NIH  Visiting  Fellows    and   one   secretary. 

Summary   of   Accomplishments 

Approximately   nine  man-years    of   effort  were   devoted    to   the   intramural 
research   described   in  Individual  Project   Reports    ZOl-CM-03580 ,    ZOl-CM-03581, 
ZOl-CM-03582   and   ZOl-CM-07112  during   the   period   covered.      Several   compounds 
developed   somewhat  earlier   in  this    laboratory   progressed    toward   clinical 
trial.      AZQ    (NSC   182986)    started  Phase   I   clinical   trials    at    five   institutions. 
Our   research    involvement   continues  with    this    drug   through   collaboration   in 
the    clincial   trial   at  NIH.      Spirohydantoin  mustard    (NSC   172112)    has   started 
toxicology   evaluation  prior   to   a  Phase   I    study.      Dihydro-5-azacytidine 
(NSC   264880)    is   scheduled    for   toxicology    as   soon   as    an   adequate   supply    of 
drug   is   obtained. 

Excellent  success  was    achieved   in   the   design   and  synthesis    of   inliibitors 
of   cytidine   deaminase,    the   enzyme  which   converts    ara-C   into   inactive   ara-U. 
The   pyrimidine   analog  of    the   ring  expanded  purine   nucleoside,    coformycin, 
was   prepared   utilizing   a   10-step   synthetic  sequence.      A  new  method    for 
coupling   cyclic   ureas    to  sugars   was    required    and   developed   in  order    to 
produce    the    target   nucleoside.      This    compound   and  several   other  new 
7-member  pyrimidine   nucleosides  have  been   found    to  be   ten   times   more 
potent    (K^  =    2   X   10~%)    as    inhibitors   of   cytidine   deaminase    than   tetra- 
hydrouridine.      Iso-showdomycin,    the  N-nucleoside   analog   of   the   C-nucleoside, 
showdomycin,   was   prepared.      It  had   cytotoxicity   properties    similar   to   that 
of   the   parent    compound.      The    initial   target   compound   in  a  series   designed 
to  be    tyrosinase   activated   and  specific    for  melanoma  was   prepared.      In 
another   approach    to   antimelanoma   agents,    three  polyhydroxybenzylamine 
compounds  were   synthesized   and   submitted    for  biological   testing. 
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Quantitative  analytical  techniques  were  developed  for  the  analysis  of  the 
new  drug  AZQ  in  plasma,  urine  and  CSF.   A  HPLC  method  was  applied  to  a 
pharmacokinetic  study  of  this  drug  in  humans,  dogs  and  rats.   Concentrations 
as  low  as  5  ng/ml  can  be  quantitated  in  human  plasma.   AZQ  exhibited  biphasic 
human  plasma  pharmacokinetics  with  approximate  half-lives  in  the  a-  and  3- 
phase  of  3  and  30  minutes,  respectively.   An  unusual  acid  catalyzed  furanose 
to  pyranose  ring  expansion  in  reduced  nucleosides  was  discovered.   This 
discovery  is  significant  since  the  best  cytidine  deaminase  inhibitors  are 
reduced  nucleosides  and  it  is  found  that  the  pyranose  analogs  are  much  less 
potent  inhibitors  than  the  furanose  compounds. 

Quantitative  structure-activity  correlations  were  successfully  developed 
for  the  colchicine,  anthracycline,  acridine,  pyrroloquinazoline,  and  purine 
families.   A  method  for  determining  LD50  values  from  toxicity  day  survivor 
data  in  the  primary  screen  is  under  study. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

The    objective   of   this   project   is    the  discovery    of  new   types    of  drugs  which 
are   clinically   useful   against   cancer.      The    following   topics   are   of   current 
interest:       (1)    transition-state    enzyme   inhibitors,    especially   7-member 
pyrimidine   nucleoside    inliibitors    of   cytidine   deaminase,    (2)    natural  product 
analogs    of   5-azacy tidine,    showdomycin   and   colchicine   and    (3)    antimelanoma 
agents  based   on   catechols    and  quinoneimines . 


405 


PHS-6040 
(Rev.    10-76) 


ZOl  CM  03580-11  LMCB 

Project  Description: 

General  Objective: 

The  objective  of  this  project  is  the  discovery  of  new  types  of  drugs  which 
are  clinically  useful  against  cancer.   Medicinal  chemical  research  is 
directed  toward  the  synthesis  of  new  compounds  which  have  potential  as 
useful  agents.   Leads  for  this  program  are  generated  from  structure-activity 
studies,  the  DTP  screening  program,  the  literature,  and  biochemical  rationale. 

Specific  Objectives; 

1.  The  design  and  synthesis  of  transition-state  inhibitors  of  the  enzyme 
cytidine  deaminase; 

2.  The  preparation  of  analogs  of  natural  products  in  order  to  overcome 
problems  with  the  parent  drugs; 

3.  The  design  and  synthesis  of  agents  specific  for  melanoma; 

4.  Exploitation  of  a  new  agent  lead  in  the  catechol  family. 

Major  Findings: 

A.   Transition-State  Inhibitors  of  Cytidine  Deaminase  (Drs.  Marquez,  Liu) 

The  major  target  objectives  of  this  project  have  been  realized  in  structures 
1-3  which  are  pyrimidine  analogs  of  the  purine,  coformycin. 
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These  compounds  were  prepared  by  a  novel  condensation  reaction  of  the 
corresponding  halosugar  with  the  aglycone,  or  a  suitable  precursor,  which 
gave  consistent  yields  of  >50%.   An  investigation  of  the  scope  and  limita- 
tions of  this  reaction  is  in  progress.   A  complete  investigation  of  compounds 
1  and  2  against  mouse  kidney  and  human  liver  cytidine  deaminase  (CDA) 
demonstrates  that  these  compounds  are  powerful  inhibitors  of  the  enzyme, 
surpassing  the  activity  of  the  well-known  inhibitor,  tetrahydrouridine  (THU) . 
As  expected,  one  of  the  diastereoisomers  of  1  (stereochemistry  at  the  C-5 
hydroxyl  is  still  unknown)  proved  to  be  more  potent  than  the  other. 
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The   isomer  with    the   required   5-hydroxy    configuration   for   the  best   enzyme 
fit  has   K^  values    of   2  x   10~"M  and  4   x   10~°M  for   the  mouse   kidney   and 
human  liver   enzyme,    respectively.      These   values   put    the   activity    of   1   in 
a  range   of  potency    ten   times   more  powerful   than  THU    (K-;^   2.2  x   10"  M) .      The 
other  diastereoisomer   of   1,  with   the   opposite    configuration  at   C-5 ,   has 
Kj^  values    of   4  x  10~  M  and  9   x  10~^M,    respectively.      This    isomer  has    approxi- 
mately  the  same   activity   observed    for   the  unsubstituted   cyclic   tetra- 
methylene   urea  nucleoside    (structure   1  without   the   -OH)   which  has   K,-    values 
of   3  x   10~'M  and   4  x   10    'M,    respectively.      All   the   intermediates    in  the 
synthesis   of   1  have  been  studied   for   activity    against   CDA.      The    level   of 
activity  was    always    lower   than   that   of   1.      The   only   exception  was    compound    2, 
which  was   prepared   as    an   intermediate    in   the   synthesis    of   1   and   3.      Surpris- 
ingly,   this    compound  shows    remarkable   activity    against  both    the  mouse  kidney 
and  human   liver  enzymes  with  K-j^  values   of   7   x   10~°M  and   2.5   x   10~°M,    respec- 
tively.     In  this    respect,    although    the  difference  may   not  be   statistically 
significant,    compound   2   is    superior   to   1   against    the  human   liver   enzyme. 
Cell   culture  studies    in  a   CDA  producing  strain   (S-180)   with   concomitant 
administration   of  Ara-C   and   either   of    these    two   inhibitors  will  begin 
shortly    in  collaboration  with   Dr.    David   Vistica. 

The  synthesis    of   3  was    carried   out   starting  with   the   protected  nucleoside    2 
having   the   2' ,3' ,5 '-tri-G-benzoyl-g-D-ribofuranosyl  moiety.      The   chemical 
transformation   from  2   to   3  made  use   of   a  novel  double  bond   transposition 
to   the   allylic   alcohol  via   the  precursor  hydroxy-phenylselenide   adduct 
obtained   from   2,    followed  by   oxidative  elimination  of  PhSeO.      Preliminary 
reports    on   the   CDA  activity   of   3   indicate   a  degree   of   activity    comparable 
to   that  of   1   for  both   diastereoisomers    of   3.      Final   results,   however,    await 
the  preparation  of   additional   amounts    of   3    for  biological   testing. 

We  have  started   to  extend   this    study    into   the    2'-deoxy-B-D-ribosyl   series 
(pyrimidine   analogs    of   2'-dCF),      The    corresponding  a  and   3-anomers    of   the 
tetramethyleneurea  nucleoside  have  been  prepared   and   separated.      Problems 
associated  with    the    reanomerization  of    the    2 '-deoxynucleosides   after 
removal  of   the  sugar  protective   groups   have  hampered   the   testing   of   a 
pure   3-anomer   against   CDA. 

A  totally  unexpected   acid   catalyzed    transformation  of    the   ribofuranosyl 
to   the   ribopyranosyl  moiety    in  the   new   3-D-ribofuranosyl   target   nucleosides 
is    associated  with   a  very   substantial   loss    in  CDA  inhibition.      This 
important,    very   stereoselective    transformation   is    currently  being   inves- 
tigated. 

Two   other   compounds   obtained  previously    from   this   work,   which  were  believed 
to  be   seven-member   ring  nucleosides,   have  had   their  structures    revised.      The 
compounds   have  structure   4   instead   of   5.      Confirmation   of    this  was   made 
by    comparison  with    the   authentic  spectral  data   for   5,    a   compound  made 
previously  by  Witkop    et   aJ^.    via   a  photochemical   ring  expansion   reaction. 
The   aglycone   of   5  had  been  reported   in  the    1972   literature   and   incorrectly 
assigned   the   seven-member   ring  structure.      For   this    reason,    it  was    first 
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used  by  us  as  a  model  compound  in  our  condensation  reactions.   These  novel 
compounds  obtained  (4a  and  b)  do  not  show  any  CDA  inhibitory  activity. 
Compound  5  has  never  been  tested  as  a  CDA  inhibitor. 
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Since  _5  is  expected  to  have  some  degree  of  activity  based  on  its  seven- 
member  ring  structure,  its  synthesis  will  be  attempted  by  conventional 
means . 

This  project  is  in  its  final  stages  with  complete  characterization  and 
testing  of  the  numerous  intermediates  and  isomeric  products  obtained  in 
the  synthesis  of  1-3  in  progress.   Preliminary  reports  on  the  chemistry 
and  biology  of  this  series  have  been  submitted  for  publication. 

B.   Natural  Product  Analogs 

1.   Iso-showdomycin  Analogs  (Drs .  Numao.,  Beisler,  Uehara^  Naujokaitis  and 
Rabinovitz) ;   Showdomycin  (6)  is  a  C-nucleoside  antibiotic  which  is  cytotoxic 
to  cultured  HeLa  and  L1210  cells  and  shows  antitumor  activity  in  the  Ehrlich 
ascites  and  P388  leukemia  test  systems.   It  was  of  interest  to  synthesize 
analogs  in  the  N-nucleoside  series  with  the  hope  of  uncovering  a  congener 
having  a  broader  therapeutic  range.   Analog  ya,  having  an  unsubstituted 
double  bond,  was  synthesized  via  two  independent  synthetic  routes  that 
served  to  firmly  establish  7a  as  a  3~anomer,   One  of  the  syntheses  was  also 
suitable  with  appropriate  modifications  to  synthesize  analogs  7b  and  7c „ 


wc 


7a,  R  =  H 

b,  R  =  Me 

c,  R  =  CI 


The  triacetate  of  7a  was  approximately  as  cytotoxic  as  the  n." -'>-<-  compound. 
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2,  N  -Acyl  Derivatives    of  Dlhydro-5-azacytldlne    (Dr.    Belsler,   Mr.   Hartman) ; 
The   observed   reduced   potency    of   dihydro-5-azacytidine    (DHAC)   with   respect 

to  5-azacytidine    (5-AC)    can  be   attributed   to   its   good  water  solubility 
which   permits    rapid   renal   elimination.      It  has  been  shown   that  DHAC   is 
deaminated  by   cytidine   deaminase  which  might   also   contribute   to   its    reduced 
potency.      The   success   in  increasing   the  blood  half-life  of   cytosine 
arabinoside   as   well   as    slowing  metabolic   deamination   through   the   agency 
of   long-chained  N^-acyl  substituents    encouraged   a  synthetic   effort   in  our 
laboratory    to  prepare   analogous  N^-acyl  derivatives    in  the   ribosyl   triazine 
series.      Rather   than  utilizing  ribosides   having  standard  blocking   groups, 
attempts  were  made    to  protect   the   sugar  moiety  with   trimethyl  silyl    (TMS) 
groups.      Using   trimethylsilylimidazole   as    the  TMS    reagent,    gas   chromatography 
evidence    indicated   that   the   necessary   selective   reaction  had  been  achieved 
using  5-AC   as   starting  material.      However,    the   apparent   low  reactivity   of 
the   exocyclic  NH„   group    resisted   acylation  under  moderate   conditions. 

3.  Alternate   Synthesis   of  Arabinofuranosyl-5-azacytosine    (Dr.    Beisler) : 
Recognizing   that   any    further  preclinical  studies   with   the   title   compound 
(ara-AC)    might   require  quantities    of  drug   that   cannot  be   delivered   using 
the   existing   ara-AC  synthesis,    an   investigation   of   an  alternate   synthetic 
route  was    initiated,      Oxazoline   8    (R  =   t-BuMe2Si)   was   prepared   in  two 
steps    from  D- (-)-arabinose.      Although   8^  is   a  bidentate   nucleophile,    it 

is   hoped   that   condensation  of   8  with   2-methyl-2-thiopseudourea  using 
appropriate   conditions  will   give   intermediate   9    exclusively.      Hydrolysis 
to   10    followed  by   reaction  with  N,N-dimethylfoirmamide  dimethyl  acetal 
to  effect   the   formation   of   the    triazine   ring  would   complete   the   synthesis 


of   ara-AC. 


RO- 


ara-AC 
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4.   Ellagic  Acid  Derivatives  (Dr.  Beisler):   An  interest  in  the  synthesis  of 
analogs  of  the  antitumor  antibiotic,  chartreusin,  stimulated  an  interest  in 
the  structurally  related  natural  product,  ellagic  acid.   Ellagic  acid  (11) 
was  found  to  have  moderate  cytotoxicity  against  cultured  L1210  cells  and 
a  moderate  in  vivo  activity  with  the  P388  test  system.   In  order  to  increase 
the  structural  similarity  of  11  with  chartreusin,  a  synthetic  scheme  to 
substitute  a  maltosyl  group  on  a  phenolic  hydroxyl  of  11  was  planned. 
Compound  11  has  a  very  poor  solubility  in  all  common  solvents,  placing 
severe  limits  on  possible  condensation  procedures  with  a  maltose  synthetic 
intermediate.   Appropriate  soluble  derivatives  of  11  are  in  the  process  of 
synthesis  and  evaluation. 


11 

C.      Design  and   Synthesis   of  Agents   with   Specificity   Against  Melanotic 
Melanoma    (Dr.    Lin) 

High   tyrosinase   activity   and  high   melanin  content   constitute   two   of   the 
most  significant  biochemical  characteristics    of  malignant  melanotic  melanoma. 
Selective   chemotherapeutic  agents    for  melanotic  melanoma  could  be   obtained 
if   a  molecule  were  designed   to  exploit   the  significant  biochemical   dif- 
ferences  between  melanotic  melanoma  and  normal   tissues.      The   feasibility 
of   this   approach  has  been  shown  in  a  recent   report   on  the  biochemical  studies 
and  selective   antitumor  properties    of  L-glutamic   acid  Y-(4-hydroxyanilide) , 
a  natural  product   isolated   from  mushrooms .      The  mechanism  of   action  of   this 
compound   involves    the  enzymatic  hydroxylation   of   the   parent   compound  by 
tyrosinase   to  produce   L-glutamic   acid  Y-(3,4-dihydroxyanilide)   which  was 
further  oxidized   to  glutamyl-o-benzoquinone   and  still   further   to   an  unknown 
quinone  with   absorption  at  490   nm.      This    latter  metabolite   inhibits 
sulfhydryl-dependent   enzymes    such   as   a-DNA  polymerase.      Although   the   in  vivo 
activity   of   this   natural  product  against  B-16  melanoma   is    only   moderate, 
better   agents   could  be   achieved  by    rational  design  based   on   the  principle 
of  specific   enzymatic  activation. 
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The    objective   of   this   project   is    the   design  and  synthesis    of   new  agents 
which    could  be   activated  specifically  by    tyrosinase   and   consequently   generate 
toxic  metabolites    in  tumor   cells    to   cause  selective   cell  kill.      The   synthesis 
of   two   initial   target   compounds    is    near   completion.      The   rationale   for   the 
design  of   these   new  agents    is    as    shown  in   the    following  Scheme. 
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Intermediates    14   and    15   and  product   16    result    from   the   enzymatic   activation 
of   the  parent   compounds    and   are  potential  alkylators .      Although    the   antitumor 
properties    of   compound    16   have   not  been  studied,    the   antiviral,    antibacterial 
and  antifungal   activities    of   this    compound   are  well   documented.      Wliile 
the   structure   of   16  suggests    the  possibility   of  high   mammalian   toxicity, 
tyrosinase   is    required   for   the  production   of   this   substance.      Since   melanotic 
melanoma  possesses   high   tyrosinase   activity,    selective    cell  kill  by   the 
target   compounds    is   possible. 

The    total   synthesis    of    the    two    target    compounds,    3-(4-hydroxyanilino)-a-amino- 
propionic  acid    (12,    n=l,    OH  para)    and   B-(3-hydroxyanilino)-a-aminopropionic 
acid    (12,    n=l,    OH  meta)    is    near   completion.      Ethyl   glycinate  HCl  was    treated 
with  benzoyl   chloride   in  pyridine    to  yield   ethyl  N-benzoyl   glycinate    (ethyl 
hippurate)   which  was    subjected    to   formylation  by    ethyl   formate   and   sodium 
ethoxlde   to   give   ethyl   formylhippurate    in  good  yield.      Treatment   of   ethyl 
formy Hi ipp urate  with   either  £;-benzyloxyaniline   or  m-benzyloxyaniline   gave 
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ethyl   6-(4-benzyloxyanilino)-a-benzamidoacrylate    (17)    and   ethyl   3-(3-benzyl- 
oxyanilino)-a-benzamidoacrylate    (18),    respectively.      Catalytic   reduction  of 
these   compounds  with   Pt,    Pd/C,    or'Ph/C  as    catalyst   gave   ethyl  g-(A-hydroxy- 
anilino)-a-benzamidoacrylate   or   the   corresponding  m-hydroxy   analog  but 
failed   to   reduce   the   aery late   double  bond.      However,    compound   17  was 
smoothly    reduced  by  NaBH3CN  under  acidic   condition   to   give  high^yield   of 
3-(4-benzyloxyanilino)-a-benzamidopropionic  acid    (19).      Under   the  same 
conditions,    the   reduction  of   18  by   NaBH3CN  proceeded  very   slowly,    requiring 
2   to  3   days    and   occasional   addition  of    the   reagent   and  adjustment  of  solution 
pH.      Acid  hydrolysis    of    19    gave   the   desired   final  product   3-(4-hyroxy- 
anilino)-a-aminopropionic  acid    (12,    OH  para) ,   which  was   purified  by  pre- 
parative HPLC.      It   is    expected   that   the  met a- OH   isomer   of   12   can  be  prepared 
in  a  similar  manner.      Scale  up,    biochemical  studies    and  assessment  of 
antitumor   activities    of   these   new   compounds    is    underway. 

D,  Development  of  New  Leads 

1.      Catecholamine   Analogs    as    Potential   Antitumor  Agents    (Drs .    Lin  and 
Driscoll) :      The   antitumor  properties   of   dopamine    in   the   P388   and   L1210 
murine    leukemia   are  well   documented.      Recent   studies   in   this    laboratory 
have   established   that    (a)    the   catechol  hydroxyl   groups    of   dopamine  were 
required   for   antitumor   activity   and    (b)    the    aminoethyl  side   chain  of   the 
molecule   could  be   replaced  with  methyl   or   aminomethyl   groups  without 
abolition  of   antitumor  activity.      Oxidation  of   the    catechol   to   an 
o-quinone  which    then   reacted  with  sulfhydryl   containing  enzymes  was 
suggested  as    a  possible  mechanism  of   action   for   this    class   of   compounds. 
When   the   antitumor   activity   of   two   trihydroxyphenethylamines    (hydroxy- 
dopamines)    was    evaluated,    the   5-hydroxy    isomer,   which   can    form  only   an 
orth o-quinone   upon  oxidation,    possessed   good   P388   leukemia  activity    (ILS   68%) . 
The   6-hydroxy    isomer,   which   upon   oxidation   forms    a  para-quinone   rather   than 
an  orth o-quinone ,   was    inactive   in   the   same  system.      To   further  study    the 
structure-activity   relationships    of   catechol   analogs    and   to  synthesize 
compounds   with  better  activity,    three   hydroxylated  benzylamines    (2,3- 
dihydroxybenzylamine,    2,3 ,4-trihydroxybenzylamine   and   3,4,5-trihydroxy- 
benzylamine) ,    which   can  be   oxidized   only    to  ortho-quinones  were  prepared. 
The    target   compounds  were   obtained   in  high   yield  by  hydriodic   acid  hydrolysis 
of   their  methoxy   precursors  .      The  methoxybenzylamines   were   synthesized  either 
by    (a)    catalytic  hydrogenation  of   the    corresponding  methoxybenzonitriles , 
using  Pt02   as    catalyst,    or  by    (b)    NaBH30Ac   reduction   of   the   corresponding 
amides,   which   in   turn,   were  prepared   from   the    carboxylic   acids.      Method    (a) 
was   proven   to  be   superior    to  method    (b).      The   antitumor   activity   of    these 
new  analogs    against   P388   leukemia   is    currently   under  evaluation. 

E.  Prep   Lab    (Mr.    Fuller,    Dr.    Driscoll) 

The    Section  devotes    a   one   man-year  per  year   effort   in  synthetic   organic   and 
HPLC   analytical   support   devoted    to   requests    for   chemical  assistance    from 
various   parts    of  DCT.      Much   of   the  work  is    in  response   to  biochemical   in- 
vestigator's   requests    for  specific   non-commercially   available  molecules. 
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Providing   this    service   is    in  keeping  with    the   Section's   role   in  the   inter- 
disciplinary  aspects    of    the   LMCB.      Since  most   of   the   requests    are   for 
compounds  which   are   either  unknown  or   inadequately   described   in   the 
literature,    considerable   research   usually    is    required  before   a   target 
compound   can  be  prepared   and   completely   characterized.      Approximately 
20   separate   projects  were  undertaken.      Compounds    20-24   are   typical  of   the 
compounds   synthesized   and   delivered   in  47    to   0.5    gram  amounts. 
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The   objective   of    this   project   is    the    research   and   development    of   analytical 
techniques   which   are  used   to:       (1)    establish    the   structure   and   purity    of   new 
antitumor   agents    and   their  metabolites,    (2)    determine   physical   and    chemical 
properties    of   nev7   anticancer   drugs,    (3)    study    reaction  mechanisms    and 
(4)    quantitate   drugs    in  physiological  samples.      Mass    spectrometry,    gas-liquid 
chromatography   and  high   performance    liquid   chromatographic    techniques    are 
em.phasized.      Compounds    of   current    interest    are   cytidine   deaminase    inhibitors, 
reduced  nucleosides,    seven-member  nitrogen  heterocycles ,    and   aziridinylquinoneg 
Silvlation-m.ediated   oxidation   reactions    are   under   investigation. 
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Project  Description: 

General  Objectives: 

The  objective  of  this  project  is  the  research  and  development  of  analytical 
techniques  which  are  used  to: 

1.  establish  the  structure  and  purity  of  new  anticancer  drug  candidates; 

2.  establish  structures  of  metabolites  of  new  antitumor  agents; 

3.  determine  important  physical  and  chemical  properties  of  new  anticancer 
drugs ; 

4.  study  reaction  mechanisms; 

5.  quantitate  drugs  and  their  metabolites  in  physiological  samples. 

Methods  Employed: 

Mass  spectrometry  (MS),  gas-liquid  chromatography  (GC)  and  the  combination  of 
these  techniques  (GC/MS)  are  emphasized.   Other  analytical  methods  such  as 
high  pressure  liquid  chromatography  (HPLC) ,  NMR,  UV  and  IR  spectroscopy  also 
are  employed. 

Maj  or  Findings : 

I.   Research  Problems 


A.   Clinical  Support  and  Pharmacology  Studies 

1.   HPLC  Analysis  of  AZQ  in  Biological  Media  (Drs .  Kelley  and  Chong) : 
A  high  pressure  liquid  chromatography  (HPLC)  assay  employing  an  internal 
standard  has  been  developed  for  the  quantitation  of  AZQ  in  plasma,  cerebro- 
spinal fluid  and  urine.   Chloroform  extraction  of  the  drug  from  the  bio- 
logical matrix  gives  recoveries  of  better  than  90%  as  well  as  extensive 
sample  clean-up  and  a  two-fold  concentration.   Chromatography  on  a  system 
consisting  of  a  guard  column  and  a  5  ym  reversed  phase  octadecylsilane 
analytical  column  that  is  isocratically  eluted  with  25%  CH3CN/H2O  and 
employs  UV  detection  at  340  nm  achieves  a  quantitation  limit  of  5  ng/ml 
for  AZQ  in  human  plasma.   The  limit  of  detection  is  somewhat  lower. 

This  assay  has  been  applied  to  the  determination  of  AZQ  plasma  pharmaco- 
kinetics in  rats  and  urinary  excretion  patterns  in  dogs.   In  rats  plasma 
concentrations  of  AZQ  ranged  from  1555  ng/ml  2  min  after  iv  administration 
of  drug  at  a  dose  of  1  mg/kg  to  64  ng/ml  after  2  hr.   A  6-phase  T]_/2  = 
26.5  min  was  calculated  for  both  unlabeled  AZQ  and  ^'^C-AZQ  by  using  the 
HPLC  assay.   Good  correlation  was  also  achieved  between  chloroform- 
extractable  plasma  radioactivity  and  HPLC-determined  AZQ  plasma  concen- 
trations in  first  hour  samples  from  rats  administered  -'-  C-AZQ. 
Furthermore,  direct  HPLC  analysis  of  selected  rat  plasma  samples  indicated 
good  agreement  between  the  corresponding  extracted  samples.   Unchanged 
AZQ  was  detected  at  a  concentration  of  99  ng/ml  in  the  collected  1-2  hr 
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14 
urine   of  a  dog  administered        C-AZQ   iv.      This    represents    only   a  very  small 

fraction  of  the  excreted  radioactivity.   Parent  drug  was  undetectable  in 

the  2-3  and  3-4  hr  urine  collections . 

2.   Phase  I  Clinical  Trial  (Drs .  Kelley  and  Schilsky,  MB-COP) ;   A  Phase  I 
clinical  trial  involving  AZQ  was  initiated  at  the  NIH  Clinical  Center  in 
late  January  1980.   The  drug  was  administered  iv  to  patients  on  days  1  and  8 
followed  by  a  three  week  period  to  monitor  toxicity  before  repeating  addi- 
tional courses  of  the  drug.   Patients  have  been  given  AZQ  at  doses  of  1,  5 
and  10  mg/m2  with  only  mild  toxicity  being  seen  at  the  highest  dose.   The 
initial  plasma  pharmacokinetics  of  AZQ  has  been  determined  using  the  HPLC 
assay  described  above  in  4  patients  who  cover  the  range  of  doses  already 
administered.   AZQ  was  found  to  be  biphasic  in  all  cases  with  an  initial 
rapid  plasma  redistribution  followed  by  a  relatively  fast  clearance  in  the 
6-phase.   The  following  table  summarizes  the  analytical  and  preliminary 
pharmacokinetic  data  in  the  patients  already  examined. 


Patient 

Dose 

[AZQ]t=0 

[AZQ]t=l  hr 

t^/2(«) 

'l/2«) 

(mg/m  ) 

(ng/ml) 

(ng/ml) 

(min) 

(min) 

1 

1 

84 

7 

1.9 

27.0 

2 

5 

581 

81 

3.2 

33.0 

3 

5 

752 

85 

3.6 

31.8 

4 

10 

952 

113 

2.6 

34.9 

Only  a  single  human  patient  urine  has  been  available  for  examination  thus 
far.   This  initial  2  hr  urine  from  a  patient  receiving  AZQ  at  10  mg/m^ 
contained  124  ng/ml  of  the  parent  drug.   This  represents  less  than  0.2% 
of  the  total  dose  of  17  mg  AZQ. 

3.   Isolation  and  Characterization  of  Formulation  Degradation  Products 
(Drs.  Kelley  and  Poochikian,  PRE):   AZQ,  a  potential  CNS  antitumor  agent  with 
significant  activity  in  several  murine  tumor  systems,  is  currently  undergoing 
Phase  I  clinical  trial.   A  study  to  optimize  and  analytically  characterize 
the  drug's  clinical  formulation  was  completed.   Mass  spectrometry  in  conjunc- 
tion with  selective  derivatization  techniques  was  employed  to  elucidate  the 
structures  of  AZQ  hydrolysis  products  in  basic  media.   The  major  products 
of  extended  AZQ  decomposition  in  TRIS  buffer  and  dilute  ammonium  hydroxide 
were  identifed  as  the  1,4-benzoquinones ,  1  and  2,  by  high  resolution  accurate 
mass  analysis.   Thus  the  quinone  and  ethoxycarbanyl  moieties  remain  intact 
while  the  aziridine  function  or  its  ring-opened  decomposition  product  under- 
goes nucleophilic  displacement. 


J  2.- 


GChN./^x,,^R 


K^R  AZQ,  R  =  <] 


1,  R  =  OH 

NH. 


V   ^-.^•'^' N  K  C GO r /: i r;         2 ,  R  = 

II 

o 
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B.   Silylatlon-Medlated  Oxidation  (Dr.  Kelley) 

Trimethylsilylation  holds  wide-spread  analytical  interest  since  it  is  the 
most  commonly  employed  technique  for  the  derivatization  of  polar  compounds 
of  biomedical  interest  for  subsequent  analysis  by  gas  chromatography  (GC) 
and  combined  gas  chromatography-mass  spectrometry  (GC/MS) .   A  novel 
silylation-mediated  oxidation  reaction  that  quantitatively  dehydrogenates 
either  dihydropyrimidine  or  dihydro-s-triazine  bases  and  the  corresponding 
nucleosides  was  recently  discovered  and  used  synthetically  in  this 
laboratory.   The  mechanism  of  this  reaction  was  further  investigated 
using  GC  and  GC/MS  in  conjunction  with  stable  isotopic  labelling. 
Evidence  for  a  possible  oxygenated  intermediate  was  obtained  during 
silylation-mediated  oxidation  of  both  dihydrouracil  and  dihydrothymine . 
Compounds  tentatively  identified  as  5-  or  6-silyloxy  derivatives  appeared 
after  prolonged  reaction  with  silylating  reagent.   Elimination  of  tri- 
methylsilanol  from  these  intermediates  to  produce  new  double  bonds  would 
give  aromatic  systems.   The  suspected  free  radical  nature  of  this  oxidation 
prompted  an  investigation  of  the  effect  of  low  power  UV  irradiation.   Such 
treatment  caused  destruction  of  the  substrate  but  no  acceleration  of  product 
formation.   Moderate  heating  remains  the  most  efficient  means  of  carrying 
out  the  oxidative  aromatization  on  a  synthetic  scale. 

II.   Synthetic  and  Collaborative  Project  Support  (Dr.  Kelley) 

1.   Furanose-Pyranose  Interconversion:   An  unusual  acid-catalyzed  isomeri- 
zation  of  certain  perhydropyrimidine  and  l,3-diazepin-2-one  nucleosides 
was  observed  and  elucidated  using  GC/MS.   The  pentose  sugars  of  reduced 
nucleosides  that  did  not  possess  extended  conjugation  in  the  base  were 
easily  isomerized  from  a  furanose  to  a  pyranose  configuration  (e.g.  3^  to 
A)  with  a  concomitant  reduction  in  cytidine  deaminase  inhibition.   Control 
of  this  isomerization  was  crucial  for  successful  synthesis  of  fully  active 
inhibitors . 
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2.  Showdomycin  Analogues :      A  series    of  mono-   and   disubstituted  maleimides 
and  succinimides    along  with    their   corresponding  N-glycosides   were  analyzed 
by   GC   and  mass   spectrometric    techniques    in  order   to   corroborate   the   proposed 
structures    and  determine  purity. 

3.  Perhydro-l,3-diazepin-2-ones :      The   nucleosides   of   this    class    of   compounds, 
which    can  be    thought   of   as    reduced   and   ring-expanded  pyrimidines ,    are   of 
interest   as    cytidine   deaminase   inhibitors.      Mass   spectrometry   and   combined 
GC/MS    after  suitable   derivatization  was    employed    to   characterize   synthetic 
intermediates    and   target  nucleosides    in  a   continuation   of  previous  work. 

4.  Miscellaneous :      Numerous   samples  which   cannot  be   categorized   as    coming 
from  one   of    the   above  project   areas  were   analyzed  by    the   appropriate  mass 
spectral   and   chromatographic    techniques    on   an   individual  basis.      Included 
in  this    group  were   substituted   and   reduced  pyrimidines,   base-methylated 
pyrimidine   nucleosides,    2'-deoxyribose  pyrim.idine   nucleosides,    dopamine 
derivatives,    2,3-disubstituted   triazanaphthalenes ,    naphthylimidazole   ketones, 
tetra-substituted   1,4-benzoquinones ,    s-alkylated   cysteines,   hydroxy lated 
phenobarbitals ,    tri-substituted  propionates    and   acrylates,    cyanoamides 

and   cyanoacids ,    a  spin-labeled   amphetamine   and   a  y-lactone    ammonium  salt. 

Publications 

Jayaram,   H.N.,    Tyagi,    A.K.,    Anandaraj ,    S.,    Montgomery,    J. A.,    Kelley,    J. A., 
Kelley,    J.,    Adamson,    R.    and    Cooney ,    D.A. :      Metabolites    of   alanosine,    an 
antitumor  antibiotic.      Biochem.    Pharmacol.    28:       3551-3566,    1979. 

Kelley,    J. A.,    Abbasi,   M.M.    and   Beisler,    J, A.:      Silylation-mediated  oxidation 
of  dihydropyrimidine  bases    and   nucleosides.      Anal.    Biochem. ,    in   press. 

Poochikian,    G.K.    and  Kelley,   J. A.:      2,5-Diaziridinyl-3,6-bis (carboethoxy- 
amino)-l,4-benzoquinone:      II.    Isolation  and   characterization  of   degradation 
products .      J.    Pharm.    Sci. ,    in  press  . 
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Project  Description: 
General  Objectives : 
The  objectives  of  this  project  are: 

1.  the  development  of  quantitative  correlations  of  antitumor  and  toxicity 
data  with  structural  features  among  antitumor  agent  congeners; 

2.  the  investigation  of  structure-activity  techniques  as  applied  to  anti- 
tumor data; 

3.  the  development  of  correlations  between  structure  and  antitumor  activity 
among  large  numbers  of  structurally  unrelated  compounds; 

4.  the  use  of  the  correlations  obtained  to:   (a)  generate  leads  for  new 
synthesis,  (b)  increase  the  rationale  for  selection  of  new  compounds  to 
be  tested  and  (c)  reduce  the  number  of  synthetic  analogs  necessary  to 
obtain  the  optimally  active  member  of  a  new  series. 

Methods  Employed : 

Computer  techniques  are  used  to  analyze  and  organize  biological  screening 
data.   These  data  are  then  correlated  with  molecular  structural  parameters 
using  computerized  regression  analysis  techniques. 

Major  Findings: 

I.   Quantitative  Structure-Activity  Relationships  by  the  Hansch  Technique 

A.   Intramural  Studies 

1.  Colchicine  Analogs:   Toxicity  and  Activity  Studies  (Drs .  Beisler,  Neiman, 
Q_uinn)  :   A  study  of  the  effect  of  structural  variations  on  the  in  vivo  P388 
activity  of  this  series  has  been  completed  and  submitted  for  publication. 

A  study  of  acute  toxicity  (LD50)  in  this  series  is  under  way.   Preliminary 
results  indicate  that  the  toxicity  and  activity  correlations  are  parallel  :• 
and  show  the  same  dependence  on  log  P,  (log  P)^  and  the  positive  effect 
of  electron-withdrawing  groups  on  the  amide  nitrogen.   The  optimal  log  P 
(log  Pq)  values  for  both  activity  and  toxicity  are  quite  similar  (1.72  vs 
1.52).   Tubulin  binding  studies  are  in  progress. 

In  order  to  probe  the  effect  of  substituents  in  the  4-position  (A-ring)  on 
colchicine  antitumor  activity  and  toxicity,  the  4-formyl,  4-cyano  and 
4-hydroxymethyl  derivatives  were  synthesized.   Biological  evaluation  is 
in  progress . 

2 .  Col di_i c ine  Deri vatives:   Possible  Correlation  of  Mass  Spectral  Properties 
with  Antitumor  Activity  (Drs.  Beisler,  Quinn,  I-Iilne  and  Kelley):   Because 
molecular  structure  determines  the  mode  of  fragmentation  on  electron  impact, 
and  similarly,  because  molecular  structure  determines  biological  activity,  an 
nttempt  was  initiated  to  correlate  the  mass  spectral  pattern  of  23  colchicine 
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derivatives  with  antitumor  activity.   A  successful  correlation  of  mass 
spectral  data  with  biological  activity  has  been  reported  in  the  literature 
for  tranquilizers  and  sedatives.   It  is  hoped  that  discriminant  analysis  will 
yield  a  similar  correlation  with  the  colchicines.   Since  our  earlier  work 
strongly  correlated  another  physical  parameter  (log  P)  with  biological 
activity  using  regression  analysis,  we  have  been  especially  encouraged  to 
extend  this  work  with  the  hope  of  discovering  a  mass  spectral  term  which 
perhaps  could  be  used  in  a  Hansch  equation. 

3.  Anthracenedione  Analogs  (Drs .  Quinn,  Neiman) :   Work  is  proceeding  on  a 
study  to  correlate  structural  parameters  with  in  vivo  activity.   The  parti- 
tion coefficient  (log  P)  of  the  clinical  compound  (NSC  279836)  is  highly 

pH  dependent.   A  cooperative  study  is  underway  with  Dr.  Avner  Ramu,  Pediatric 
Oncology  Branch,  to  measure  the  in  vitro  P388  activity  of  this  drug  as  a 
function  of  pH. 

4.  Quinoliziniums  (Drs .  Quinn,  Neiman) :   This  series  of  analogs  is  being 
investigated  in  an  attempt  to  correlate  structural  parameters  with  in  vivo 
activity.   A  correlation  has  been  obtained  (r  =  0.948,  s  =  0.199)  which  shows 
that  the  P388  activity  is  dependent  on  1T  (the  lipophilic  substituent  para- 
meter) and  TT"^  with  an  optimal  tt  value  of  0.71. 

5.  2,4-Diaminopyrroloquinazolines  (Dr.  Quinn) :   A  cooperative  project  with 
Dr.  John  McCormack  (University  of  Vermont)  is  proceeding.   A  preliminary 
correlation  of  the  iri  vivo  activity  of  these  compounds  against  rat  and 

C.  oncopelti  dihydrofolate  reductase  showed  a  parabolic  dependence  of  the 
enzyme  inhibition  in  both  systems  on  log  P  with  the  optimal  log  P  about  2.5. 

6.  Purines  (Drs.  Quinn,  Neiman):   This  series  of  analogs  is  being  examined 
with  a  view  to  establishing  the  relationship  between  antitumor  activity 
and  toxicity  with  structural  parameters.   A  correlation  between  pK^  and 
electronic  parameters  has  been  achieved. 

7.  Other  Series :   Data  has  been  collected  for  potential  studies  on 

(1)  thiazdiazoles ,  (2)  pyrollizines ,  (3)  benzimidazole  mustards,  (4)  phos- 
phonium  salts,  (5)  indenylidenes ,  (6)  f luorenes ,  and  (7)  6-MP  analogs. 

8.  Data  Analysis  Techniques:   Studies  are  in  progress  to  determine  whether 
an  acute  toxicity  measurement  (LD^q)  can  be  extracted  from  primary  screen 
toxicity  day  survivor  data  for  use  in  QSAR  studies. 

B.   Contract  Studies  (Drs.  Hansch,  Quinn) 

1.   Acridine  Anilides:   A  cooperative  project  with  Dr.  Bruce  Cain  is  being 
completed  in  which  the  antitumor  activity  of  509  acridine  anilides  has  been 
correlated  (r  =  0.893,  s  =  0.305).   The  dependence  of  activity  of  these 
compounds  on  well-defined  steric,  electronic  and  lipophilic  parameters  has 
been  established. 
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2.  Anthracyclines :   A  preliminary  structure-activity  correlation  for  the 
cardiotoxicity  of  adriamycin  analogs  has  been  achieved  using  Prof.  Zbinden's 
data.   Work  is  being  completed  on  the  correlation  of  B16  solid  tumor  data 

of  this  series.  A  preliminary  correlation  (r  =  0.934,  s  =  0.224)  shows  a 
linear  dependence  of  antitumor  activity  on  the  partition  coefficient,  the 
presence  of  a  hydrazone,  and  the  nature  of  A-ring  substitution. 

3.  Nitrosoureas:   Work  is  in  progress  to  investigate  the  structure-activity 
relationships  of  this  series  against  solid  tumors  (B16,  Walker).   The 
structure-dependence  of  activity  against  advanced  Lewis  Lung  Carcinoma  is 
also  being  studied. 

Publication: 

Wu,  R.,  Wolpert-DeFllllpes,  M, ,  and  Quinn,  F.:  Quantitative  structure- 
activity  correlations  of  rlfamycins  as  inhibitors  of  viral  RNA-dlrected 
DNA  polymerase  and  mammalian  a  and  3  DNA  polymerase.  J.  Med.  Chem.  23: 
256-261,    1980. 
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Project  Description: 
Objectives : 
The  objective  of  this  project  is  the  study  of  biochemical  techniques  to: 

1.  determine  the  mechanism  of  action  of  new  antitumor  agents; 

2.  develop  biological  synthetic  methods; 

3.  assess  the  inhibitory  potency  of  drugs  towards  specific  enzyme  systems; 

4.  develop  sensitive  analytical  methods  for  new  antitumor  drugs  and  meta- 
bolites in  body  fluids. 

Methods  Employed: 

Enzyme  isolation,  assay  (UV  and  visible  spectroscopy;  isotopic  techniques) 
and  kinetic  studies  are  emphasized.   HPLC  and  GC/MS  analytical  techniques 
are  employed. 

Major  Findings: 

Cytidine  Deaminase  Inhibitors  Based  on  Reduced  Ara-C  (Drs .  Kelley  and 
McCormack 

Work  was  continued  on  the  isolation  and  characterization  of  the  tetrahydro- 
pyrimidine  nucleosides  resulting  from  the  catalytic  over-reduction  of  Ara-C 
in  an  effort  to  develop  a  more  effective  cytidine  deaminase  (CDA)  inhibitor. 
The  crude  aqueous  reduction  mixtures  of  both  Ara-C  and  2'-deoxyC  exhibited 
significant  inhibition  of  mouse  kidney  CDA  although  they  were  not  as  potent 
as  the  standard  inhibitor,  tetrahydrouridine  (THU) .   After  room  temperature 
hydrolysis  for  11  days,  the  Ara-C  reduction  mixture  (1.2  x  10~^M)  attained 
a  maximum  of  58%  CDA  inhibition.   Semi-preparative  HPLC  was  used  to  isolate 
three  components  whose  CDA  inhibition  was  equal  to  or  greater  than  that  of 
the  crude  mixture.   Problems  were  encountered  in  isolating  pure  compounds 
for  structural  analysis  because  of  the  ability  of  these  three  active  fractions 
to  interconvert.   Direct  probe  mass  spectrometry  and  combined  GC/l'iS   after 
per-silylation  indicated  nucleoside  derivatives  of  MW  =  608,  exactly  what 
would  be  expected  for  an  arabinosyl  analog  of  THU.   Work  is  currently  planned 
to  isolate  sufficient  quantities  of  these  three  active  nucleosides  for  more 
definite  structural  analysis  by  NMR  spectroscopy. 

Publications 

McCormack,  J.J.,  Allen,  B.A. ,  Ledig,  K.W.  and  Hillcoat,  B.L.:   Inhibition 
of  dihydrof elate  reductase  by  new  derivatives  of  2,4-diaminoquinazoline. 
Biochem.  Pharmacol.  28:   32  27-3229,  1979. 

McCormack,  J.J.:   Pteridine  derivatives  and  the  biosynthesis  of  biogenic 
amines.   In  Botez,  M.I.  and  Reynolds,  E.H.  (Eds.):   Folic  Acid  and  the 
Nervous  System.   Xew  York,  Raven  Press,  1979,  pp.  179-187. 
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Applied  Pharmacology  Section 

Laboratory  of  Medicinal  Chemistry  and  Biology 

October  1,  1979  -  September  30,  1980 

The  objectives  of  the  Applied  Pharmacology  Section  are  to  conduct  biochemical 
and  molecular  pharmacological  studies  of  anticancer  drugs  under  development 
by  the  Division  of  Cancer  Treatment,  with  particular  emphasis  on  agents 
arising  from  within  LMCB. 

At  present,  the  Section  is  primarily  engaged  in  biochemical  studies  of  nuc- 
leoside anticancer  agents.   The  first  project  deals  with  the  adenosine 
deaminase  inhibitor,  2'-deoxycoformycin  (dCF) .   This  agent  has  proved  useful 
for  investigating  the  mechanism  of  toxicity  to  cells  resulting  from  blockade 
of  adenosine  deaminase,  an  experimental  conditon  mimicking  the  severe  combined 
immunodeficiency  syndrome  in  patients.   dCF  also  possesses  immunosuppressive 
properties  and  is  currently  in  Phase  I  and  II  clinical  trials.   This  Section 
is  assessing  the  pharmacokinetics  of  dCF  in  the  plasma,  and  the  levels  of 
adenosine  metabolites  in  the  urine  of  these  patients.   Experimental  studies 
are  also  underway  investigating  the  action  of  dCF  in  vitro  on  T  and  B 
lymphocyte  cultures  from  mouse  spleen  utilizing  specific  nitogens. 

The  second  project  entails  detailed  investigations  of  the  synthesis  and  meth- 
ylation  of  RNA  in  response  to  various  nucleoside  anticancer  drugs.   These 
studies  have  included  both  a  cell  kinetic  and  biochemical  analysis  of  the 
action  of  the  adenosine  analog  antibiotic,  sangivamycin  (SGN) .   This  drug  has 
proved  to  be  the  most  potent  cytocidal  adenosine  analog  yet  tested,  and  is 
believed  to  exert  its  highly  time-dependent  toxicity  via  effects  on  RNA  syn- 
thesis per  se. 

In  conjunction  with  the  latter  studies,  the  third  project  is  assessing  the 
effect  of  the  antimetabolites  5-f luorouracil  (5-FU) ,  5-azacytidine  (AZC)  and 
dihydro-5-azacytidine  (DHAZC)  on  their  ability  to  modify  the  translational 
activity  of  messenger  RNA  (poly(A)RNA) ,  following  their  incorporation  into 
these  molecules.   This  mechanism  of  action  for  5-FU  and  AZC  has  been  postulat- 
ed for  quite  some  time,  but  its  relationship  to  their  antitumor  effects  and 
cytotoxicity  has  not  been  heretofore  tested. 

The  last  project  is  concerned  with  the  relationship  between  the  phosphoryla- 
tion of  specific  classes  of  nonhistone  chromosomal  proteins  (NHCP)  and  the 
inhibitory  activity  of  adenosine  analogs  on  transcription.   We  are  currently 
examining  the  high  mobility  group  (HMG)  class  of  nuclear  proteins  which  are 
intimately  associated  with  gene  activity  in  the  nucleosome  structural  unit. 
We  have  discovered  that  two  of  the  four  HMG  proteins  are  highly  phosphorylat- 
ed,  and  we  are  currently  investigating  the  action  of  sangivamycin  upon  the 
process  in  relation  to  the  drug's  ability  to  inhibit  RNA  synthesis. 
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Objectives: 

Adenosine  deaminase  plays  a  central,  but  passive  role  in  maintaining  the  via- 
bility of  cells.   Suppression  of  its  activity  by  inhibitors  such  as  2'-deoxy- 
coformycin  (dCF)  or  by  its  genetic  deletion  in  the  severe  combined  immuno- 
deficiency syndrome  results  in  the  inability  of  lymphocytes  to  function  norm- 
ally in  their  immune  response.   This  is  presumably  due  to  the  build  up  of 
adenosine  metabolites  such  as  ATP,  dATP,  cyclic  AMP  or  S-adenosylhomocysteine 
which  are  potent  inhibitors  of  various  metabolic  processes  if  allowed  to 
accumulate  to  inhibitory  concentrations  within  the  cell. 

The  ability  of  dCF  to  potentiate  the  inhibitory  effects  of  adenosine  analogs 
on  RNA  synthesis,  cytotoxicity  and  the  phosphorylation  of  nuclear  proteins 
has  previously  been  studied  within  this  Section.   We  are  currently  investiga- 
ting the  direct  effect  of  dCF  iri^  vitro  on  T  and  B  lymphocytes  with  respect  to 
suppression  of  blastogenesis,  nucleic  acid  synthesis,  and  formation  of  adeno- 
sine metabolites  such  as  dATP  and  cyclic  AMP. 

An  ancillary  aspect  to  this  project  will  deal  with  the  plasma  pharmacokinetics 
of  dCF  in  patients  undergoing  Phase  I  and  II  clinical  trials,  as  well  as  the 
determination  of  urine  concentrations  of  adenosine,  deoxy adenosine  and  cyclic 
AMP  in  these  patients. 

In  addition,  studies  will  be  undertaken  of  the  metabolism  of  dCF  in  vitro  in 
L1210  cells  to  determine  what  relationship  it  bears  to  its  presumed  high 
specificity  of  action. 

Methods  Employed: 

Analysis  of  dCF  levels  in  plasma  by  the  enzyme  inhibition  assay  using  adeno- 
sine deaminase.   Measurement  by  HPLC  of  the  concentrations  of  aden«psine,  de- 
oxyadenosine  and  cyclic  AMP  using  reversed-phase  chromatography  (C   column) 
and  a  linear  gradient  of  20  mM  KH„PO,  (pH  5.6)  to  60%  methanol.   Cultures  of 
mouse  spleen  and  thymus  cells  in  KPMl  1640  and  measurement  of  blastogenesis 
after  addition  of  concanavalin  A  and  lipopolysaccharide  by  incorporation  of 
[  H] thymidine,  [  H] uridine  and  [  H] leucine.   Separation  of  nucleotide  metabol- 
ites of  dCF  by  DEAE  Sephadex-urea  chromatography  with  a  linear  gradient  of 
0.1  -  0.7  M  NaCl  in  20  mM  TRIS  (pH  7.9). 


3 
The  metabolism  of  highly  purified  [  H]dCF  was  determined  in  L1210  cells  in 


Major  Findings: 

The  metabolism  ( 

vitro.   It  was  found  that  3-16%  of  the  total  intracellular  concentration  of 
drug  was  converted  to  dCF-monophosphate,  but  not  to  higher, nucleotides.   Form- 
ation of  dCF-monophosphate  was  time  and  concentration  (10   to  10   M)  depen- 
dent. 
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Proposed  Course: 

The  current  pharmacokinetic  studies  of  dCF  and  adenosine  metabolites  in  pa- 
tients in  Phase  I  and  II  clinical  trials  will  be  completed.   In  vitro  studies 
of  the  immunosuppressive  qualities  of  dCF  using  mouse  spleen  and  thymus  cells 
will  be  examined  in  detail.   Application  of  the  latter  experiments  to  peri- 
pheral lymphocytes  of  patients  is  planned. 

Publications: 

Venner,  P.M.  and  Glazer,  R.I.:   The  metabolism  of  2'-deoxycoformycin  in  L1210 
cells  in  vitro.   Biochem.  Pharmacol.  28:  3239-3242,  1979. 

Glazer,  R.I.:   2'-Deoxycoformycin  and  other  adenosine  deaminase  inhibitors. 
Reviews  on  Drug  Metabolism,  Vol.  IV,  in  press,  1980. 

Glazer,  R.I.:   Adenosine  deaminase  inhibitors:  Their  role  in  chemotherapy  and 
immunosuppression.   Cancer  Chemother.  Pharmacol.,  in  press,  1980. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

The  synthesis  and  processing  of  nuclear  and  cytoplasmic  transfer  RNA  (tRNA) , 
ribosomal  RNA  (rRNA)  and  messenger  KNA  (poly (A) RNA)  will  be  studied  in  L1210 
and  Ehrlich  ascites  cells.   The  effect  of  the  antimetabolites:  5-f luorouracil, 
5-azacytidine,  dihydro-5-azacytidine ,  sangivamycin,  tubercidin,  formycin  A, 
8-Azaadenosine  and  cordycepin  (3'-deoxyadenosine)  will  be  examined  on  the 
methylation  of  rRNA  and  tRNA,  as  well  as  their  synthesis  to  establish  the 
relevance  of  these  processes  to  the  cytotoxicity  of  these  agents. 
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Objectives: 


Many  anticancer  drugs  act  by  inhibiting  the  synthesis  of  RNA  via  interference 
with  the  activity  of  either  RNA  polymerases  or  the  DNA  template.   Nucleolar 
RNA  polymerase  I  and  nucleoplasmic  RNA  polymerases  II  and  III  transcribe  the 
45S  precursor  to  rRNA,  and  the  heterogeneous  RNA  (hnRNA)  precursor  to  mRNA 
and  tRNA,  respectively.   All  three  species  of  nuclear  RNA  (nRNA)  undergo  sub- 
sequent processing  steps  which  involve  2'-0-methylation  for  rRNA,  3'-poly- 
adenylylation  and  5 '-"cap"  methylation  for  mRNA  and  base  methylation  for  tRNA. 
These  unique  modifications  confer  biochemical  specificity  for  the  endonucleo- 
lytic  cleavage  of  45S  precursor  rRNA,  protection  from  exonucleases  and  40S 
ribosomal  subunit  binding  for  mRNA,  and  conformational  integrity  for  the 
anticodon  binding  of  tRNA. 

Hence,  the  objectives  of  this  project  are  to  study  the  action  of  antimetabol- 
ite anticancer  drugs  such  as  5-fluorouracil  (5-FU)  and  5-azacytidine  (AC)  upon 
both  the  transcriptional  and  posttranscriptional  processes  associated  with 
RNA  function  in  tumor  cells,  and  to  relate  these  changes  to  their  antitumor 
activities. 

Methods  Employed: 

Isolation  of  nuclei  from  L1210  and  Ehrlich  ascites  cells  by  Triton  X-100  lysis 
and  sucrose  gradients;  labeling  of  nRNA  with  radioactive  precursors  such  as 
[  Hjadenosine,  [   C]uridine  and  [  H-methyl]L-methionine;  extraction  of  nRNA  by 
the  use  of  SDS-buf f er-phenol  extraction;  characterization  of  nRNA  via  poly(U) 
Sepharose  affinity  chromatography,  2%  agarose-urea-SDS-iodoacetate  gel  and  8% 
polyacrylamide  gel  electrophoresis;  alkaline  hydrolysis  and  DEAE  Sephadex-urea 
chromatography;  separation  of  methylated  bases  via  two-dimensional  TLC;  mea- 
surement of  UTP  and  S-adenosyl-L-methionine  (SAM)  specific  radioactivities  and 
concentrations  by  HPLC  on  anion  exchange  and  C   columns,  respectively. 

Major  Findings: 

1.    The  effect  of  5-fluorouracil  (5-FU)  on  nuclear  RNA  synthesis  and  its  in- 
corporation into  nuclear  SNA  were  studied  in  L1210  cells  in  vitro.   Inhibition 
of  the  incorporation  of  [  H]uridine  into  total  RNA  by  5-FU  was  proportional  to 
the  incorporation  of  drug^into  RNA.   The  antimetabolite  inhibited  the  labeling 
of  total  nuclear  RNA  by  [  H]uridine  but  not  its  methylation.   Fractionation  : 
of  nuclear  RNA  into  rRNA,  non-poly (A)  heterogeneous  nuclear  (hn)  RNA  and  poly 
(A)hnRNA  revealed  that  although  incorporation  of  [  H]uridine  was  impaired  by 
5-FU,  the  Incorporation  of  [  Hjadenosine  was  not;  however,  poly (A)  synthesis 
was  significantly  impaired  by  5-FU.   The  incorporation  of  [  H]5-FU  into  the 
three  species  of  nuclear  RNA  revealed  that  the  concentration  of  drug  per  unit 
of  RNA  was  greatest  in  poly (A)hnRNA,  while  the  non-poly (A) hnRNA  fraction  con- 
tained the  greatest  total  amount  of  5-FU.   These  results  show  that  although 
transcription  is  not  impaired  by  5-FU,  posttranscriptional  polyadenylylation 
is  inhibited.   Moreover,  incorporation  of  5-FU  into  nuclear  RNA  and  particu- 
larly poly(A)-containing  RNA  appears  to  be  the  predominant  feature  of  this 
drug  with  respect  to  transcription  in  L1210  cells. 
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2.  The  effect  of  5-FU  on  the  synthesis,  methylation  and  its  incorporation  in- 
to low  molecular  weight  nuclear  KNA  was  studied  in  L1210  cells  in  vitro.   5-FU 
was  incorporated  into  high  molecular  weight,  5S  and  4S  nuclear  RNA  at  a  linear 
rate  for  2  hr  following  an  initial  lag  period.   Drug  concentrations  of  1  x 
10~   to  1  X  10   M  did  not  have  a  marked  effect  on  the  incorporation  of  [  H] 
adenosine  into  5S  and  4S  nuclear  RNA;  however,  the  synthesis  of  high  molecular 
weight  nuclear  RNA  was  inhibited  10-60%  depending  on  the  length  of  time  of 
labeling  and  the  drug  concentration.   5-FU  impaired  the  methylation  of  4S 
nuclear  RNA  in  a  dose-dependent  manner  and  affected  high  molecular  weight 
nuclear  RNA  to  a  lesser  extent.   5-FU  at  1  x  10   M  inhibited  the^methylation 
of  eight  methylated  nucleosides  in  4S  nuclear  RNA,  but  at  5  x  10   M  pre- 
ferentially affected  7-methylguanosine,  N  ,N  -dimethylguanosine  and  5-methyl- 
uridine.   These  results  indicate  that  the  methylation  of  4S  nuclear  RNA  is 
impaired  by  5-FU  at  concentrations  of  drug  which  do  not  significantly  impair 
its  transcription. 

3.  Using  nuclei  prepared  from  rat  liver,  the  effect  of  5-f luorouridine  5'- 
triphosphate  (FUTP)  was  assessed  on  the  nearest  neighbor  frequency  of  the  in- 
corporation of  fa-  P]ATP  and  [a-     P]GTP  into  nascent  RNA  transcribed  by  RNA 
polymerase  I  and  II.   When  UTP  was  replaced  by  an  equimolar  concentration  of 
FUTP,  GMP  was  preferentially  incorporated  next  to  AMP  in  either  the  presence 
or  the  absence  of  a-amanitin.   In  addition,  the  incorporation  of  AMP,  but  not 
GMP,  next  to  UT^IP  and  GMP  was  significantly  reduced.   The  effect  of  FUTP  on  GMP 
incorporation  into  nearest  neighbors  was  particularly  evident  in  the  presence 
of  a-amanitin.   These  effects  were  virtually  completely  reversed  by  the  addi- 
tion of  UTP  to  the  reaction  mixture.   When  endogenous  template  activity  was 
inhibited  by  actinomycin  D  and  RNA  was  transcribed  from  poly (dA-dT) • poly (dA- 
dT) ,  misincorporation  of  AMP  by  the  presence  of  FUTP  was  greatly  enhanced. 
These  results  show  that  FUTP  is  capable  of  producing  base-pair  transformations 
with  mammalian  RNA  polymerases,  and  suggest  that  this  effect  may  account,  in 
part,  for  the  aberrant  effects  of  5-fluorouracil  on  RNA  synthesis  and  pro- 
cessing in_  vivo. 

4.  The  biochemical  basis  for  the  resistance  of  murine  leukemia  P388  to  5-FU 
xvas  systematically  investigated  by  examining  the  transport  and  metabolism  of 
5-FU  or  Its  anabolites,  as  well  as  the  inhibition  of  enzymes  and  processes 
known  to  be  affected  by  the  drug.   Of  these  parameters,  only  three  were  found 
to  be  altered  significantly  in  the  resistant  line:  1)  the  enzyme  required  for 
the  phosphorylation  of  UMP  to  UDP  was  present  at  a  significantly  lower  specif- 
ic activity  in  the  resistant  line  than  in  its  sensitive  counterpart;  2)  the 
rates  of  generation  and  persistance  of  FdUMP  were  significantly  lower  and 
shorter  in  the  variant;  3)  there  was  a  1.6-  and  3-fold  decrease  in  the  in- 
corporation of  5-FU  into  poly (A)   and  poly (A)  RNA,  respectively  in  resistant 
vs.  sensitive  cells.   Taken  together,  these  findings  suggest  a  dual  mechanism 
for  resistance  to  5-FU  in  these  leukemic  cells:  a  depressed  capacity  to  gen- 
erate di-  and  triphosphates  of  the  riboside  and  deoxyriboside  of  the  drug 
leading  to  lower  pools  of  the  proximate  antimetabolite,  FUTP,  and  accelerated 
excretion  of  FdUMP,  so  that  thymidylate  synthetase  is  perturbed  in  a  less  than 
lethal  way. 
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5.  N-Phosphonacetyl-L-aspartate  (PALA)  and  5-FU  are  the  initial  and  late 
inhibitors  of  the  pyrimidine  biosynthetic  pathway.   We  have  examined  the 
biological  effects  of  these  inhibitors,  singly  and  in  combination,  on  the 
growth  of  a  human  mammarv  carcinoma  (KDA)  cell  line  in  culture^   All  combina- 
tions of  5-FU  (2.5  X  10   to  1.5  x  lO"  M)  and  PALA  (6.0  x  10   to  3.7  x  10 
M)  have  resulted  in  synergistic  inhibition  of  cell  growth  as  revealed  by  a 
50%  response  isobologram.   To  examine  the  biochemical  basis  for  the  synergism, 
measurements  of  inhibition  of  the  activity  of  one  of  the  target  enzymes, 
thymidylate  synthetase,  and  the  precent  incorporation  of  5-FU  into  total  poly 
(A)   and  poly  (A)  RJSIA  have  been  determined.   PALA  at  3.7  x  10   M  (IDq)  did 
not  inhibit  the  activity  of  thymidylate  synthetase,  while  5-FU  at  1  x  10   M 
(ID„^)  inhibited  the  target  enzyme  by  30%  over  a  3  hr  period.   The  combination 
of  3.7  X  10   M  PALA  and  1  x  10   M  5-FU  produced  80%  inhibition  of  the  enzyme 
over  a  6  hr  period.   Treatment  of  the  cells  with  both  drugs  produced  a  1.4- 
and  I.Srfold  increase  in  the  incorporation  of  5-FU  into  total  poly (A)   and 
poly (A)  RNA  in  comparison  to  5-FU  treatment  alone.   Thus,  the  combination  of 
PALA  and  5-FU  prolonged  the  inhibition  of  thymidylate  synthetase  and  enhanced 
the  incorporation  of  5-FU  into  RNA  in  comparison  to  the  single  regimen  of  5- 
FU. 

6.  The  effect  of  5-azacytidine  (AZC)  and  5,6-dihydro-5-azacytidine  (DHAZC)  on 
nRNA  synthesis  was  studied  in  tJ;210  cells  in  vitro.   AZC  produced  50%  inhibi- 
tion of  the  incorporation  of  [   C] uridine  into  nuclear  rRNA  and  nonpolyaden- 
ylic  acid-  and  polyadenylic  acid-containing  heterogeneous  nuclear  (hn)  RNA  at 
concentrations  of  0.3  mM,  0.4  raM,  and  approximately  0.6  mM,  respectively.   The 
median  inhibitory  concentrations  of  DHAZC  on  these  three  species  of  nRNA  were 
2  mM,  2  mM  and  approximately  3  mM,  respectively.   AZC  inhibited  2 '-0-methyla- 
tion  and  DHAZC  affected  base  methylation  of  rRNA;  however,  methylation  of 
nonpoly adenylic  acid-  and  polyadenylic  acid-containing  hnRNA  was  not  signifi- 
cantly impaired.   Measurement  of  the  concentration  and  specific  radioactivity 
of  S-adenosyl-L-methionine  and  UTP  showed  that  AZC  and  DHAZC  inhibited  uridine 
incorporation  into  RNA  by  interference  with  its  cellular  uptake,  but  did  not 
impair  methionine  transport.   AZC  and  DHAZC  did  not  inhibit  [  H] adenosine  in- 
corporation into  nRNA  at  0.1  mM^  but  inhibited  rRNA  and  poly(A)hnRNA  synthesis 
by  50%  at  1  mM.   [   C]AZC  and  [   C]DHAZC  were  incorporated  into  all  species 

of  nRNA  at  concentrations  that  did  not  impair  transcription,  with  the  highest 
incorporation  occurring  in  polyadenylic  acid-containing  hnRNA.   These  results 
suggest  that  AZC  and  DHAZC  at  low  concentrations  may  produce  their  cytotoxic 
and  antitumor  effects  via  their  incorporation  into  nRNA,  and  at  higher  con- 
centrations inhibit  the  methylation  of  rRNA,  as  well  as  the  transcription  of 
rRNA  and  polyadenylic  acid-containing  RNA. 

7.  The  effects  of  AZC  and  its  hydrolytically  stable  analog,  DHAZC  on  the 
synthesis  of  low  molecular  weight  nuclear  RNA  were  studied  in  L1210  cells  in 
vitro.   Both  drugs  inhibited  the  synthesis  of  >18S  RNA,  5S  RNA,  and  4S  RNA 
maximally  within  1  hr  of  labeling  with  [  H]adenosine.   DHAZC  was  as  potent  an 
inhibitor  as  the  parent  drug  on  the  synthesis  of  high  molecular  weight  RNA, 
but  was  slightly  more  effective  in  inhibiting  the  synthesis  of  5S  and  4S  RNA 
with  respect  to  both  concentration  of  drug  and  duration  of  labeling.   [   C] 
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AZC  was  incorporated  into  5S  and  4S  nuclear  RNA  after  a  delay  of  1  hr  which 
coincided  with  its  inhibitory  effect  on  the  synthesis  of  these  species  of  REA. 
Both  drugs  affected  the  methylation  of  >18S  RNA  and  4S  RNA  to  a  greater  extent 
than  their  synthesis.   Analysis  of  eight  methylated  nucleosides  in  4S  RNA 
indicated  that  AZC  and  DHAZC  inhibited  the  methylation  of  2-methylguanosine 
and  N  ,N  -dimethylguanosine  to  a  greater  extent  than  that  of  the  other 
nucleosides.   These  studies  demonstrate  that  the  dihydro  analog  of  AZC  has 
a  mode  of  action  similar  to  that  of  the  parent  drug  with  respect  to  its 
effects  on  the  synthesis  and  methylation  of  5S  and  4S  nuclear  RNA. 

8.  The  molecular  effects  of  the  pyrrolopyrimidine  analogs,  sangivamycin  and 
thiosangivamycin,  on  RNA  and  DNA  synthesis  were  examined  in  L1210  cells  in 
vitro.   Pretreatment  of  cells  for  30  min  with  either  sangivamycin  or  thio-_ 
sangivamycin  resulted  in  a  median  inhibitory  dose  of  1  x  10   M  and  2  x  10 
M,  respectively,  for  RNA  synthesis.   Sangivamycin  did  not  inhibit  DNA  syn- 
thesis at  comparable  concentrations,  while  thiosangivamycin  inhibited  DNA 
S3nithesis  by  20-35  per  cent.   Extending  preincubation  times  with  either  drug 
to  1  hr  resulted  in  decreased  inhibition  of  RNA  synthesis.   Sangivamycin  and 
thiosangivamycin  also  inhibited  the  transcription  of  nuclear  RNA  with   P 

as  precursor.   Incorporation  of   P  into  AMP  was  reduced  by  both  drugs  to  a 
much  greater  extent  than  the  labeling  of  GMP,  CMP,  or  IMP  of  alkaline  hydro- 
lysates  of  total  nuclear  RNA,   Thiosangivamycin  also  significantly  reduced 
methylation  in  nuclear  rRNA.   Neither  drug  affected  the  concentration  or 
specific  radioactivity  of  S-adenosyl-L-methionine  or  UTP.   Sangivamycin  and 
thiosangivamycin  inhibited  the  syntheses  of  nuclear  rRNA,  non-poly (A)  hetero- 
geneous RNA  and  poly (A)  heterogeneous  RNA  to  equal  extents,  but  the  potency 
of  sangivamycin  was  approximately  10-fold  less  than  that  of  thiosangivamycin. 
These  results  suggest  that  sangivamycin  and  thiosangivamycin  act  as  adenosine 
analogs  to  inhibit  the  transcription  of  all  forms  of  nuclear  RNA  in  L1210 
cells. 

9.  The  adenosine  analogs  tubercidin,  formycin  and  8-azaadenosine  were  ex- 
amined for  their  effects  on  the  synthesis  and  methylation  of  nuclear  RNA  in 
L1210  cell's  in  vitro.   Total  RNA  and  DNA  synthesis  was  affected  to  the  great- 
est extent  by  tubercidin  (IC_  =7  x  10   M)  and  to  an  insignificant  degree  by 
8-azaadenosine  and  formycin;  however,  the  effects  of  the  latter  two  drugs, 
but  not  of  tubercidin,  were  potentiated  by  2'-deoxycoformycin,  an  inhibitor 
of  adenosine  deaminase.   In  the  presence  of  2'-deoxycoformycin,  RNA  synthesis 
was  inhibited  by  50  per  cent  at  1  x  10   M  8-azaadenosine  and  by  50  pe'ir  cent 
at  2  X  10   M  formycin,  while  DNA  synthesis  was  inhibited  less  extensively. 
Alkaline  hydrolysis  of  nuclear  Rl^A  labeled  with  [   C]uridine  and  L-[methyl- 

H]methionine  showed  preferential  inhibition  of  base  methylation  in  mono- 
nucleotides, but  not  of  2'-0-methylation  in  dinucleotides,  for  all  three 
drugs.   This  differential  effect  persisted  to  varying  degrees  in  >18S  and 
4S  nuclear  RNA  separated  by  electrophoresis.   The  reduction  in  base  methla- 
tion  in  4S  RNA  was  'associated  with  seven  of  the  eight  methylated  nucleosides 
in  4S  RNA  separated  by  two-dimensional  thin-layer  chromatography.   These 
results  indicate  that  tubercidin,  8-azaadenosine  and  formycin  can  prefer- 
entially inhibit  the  base  methylation  of  nuclear  RNA  relative  to  its  syn- 
thesis. 
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10.   The  mechanism  of  action  of  adenosine,  2 '-deoxy adenosine  and  cordycepin 
(3'-deoxyadenosine)  was  explored  in  L1210  cells  in  vitro  under  conditions 
where  their  deamination  was  blocked  by  the  adenosine  deaminase  inhibitor, 
2'-deoxycoformycin.   Cordycepin  but  not  adenosine  or  2 '-deoxy adenosine  in- 
hibited the  methylation  of  nuclear  RNA  in  the  presence  of  2'-deoxycoformycin. 
Upon  the  addition  of  homocysteine,  adenosine  produced  65%  inhibition  of 
methylation  of  nuclear  RNA  whereas  2'-deoxyadenosine  was  ineffective  and  the 
inhibitory  effect  of  cordycepin  was  not, potentiated.   Under  the  latter  con- 
ditions, RNA  synthesis  as  measured  by  [   C] uridine  incorporation  was  margin- 
ally affected  (30%  inhibition)  by  adenosine  plus  homocysteine,  but  markedly 
inhibited  by  70%  by  cordycepin.   Cordycepin  inhibited  2'-0-methylation  of 
nuclear  RNA  to  a  greater  extent  than  base  methylation,  while  the  combination 
of  adenosine  and  homocysteine  inhibited  these  sites  to  equal  degrees.   More- 
over, cordycepin  inhibited  >18S  nuclear  RNA  4  times  as  extensively  as  4S 
nuclear  RNA,  in  comparison  to  the  equal  extents  of  inhibition  of  these  two 
classes  of  nuclear  RNA  by  adenosine  plus  homocysteine.   A  positive  correla- 
tion was  observed  between  the  generation  of  intracellular  S^-adenosylhomocy- 
steine  in  L1210  cells  and  inhibition  of  methylation  of  nuclear  RNA  by  adeno- 
sine plus  homocysteine,  but  not  by  cordycepin.   These  results  indicate  that  a 
significant  amount  of  S-adenosylhomocysteine  can  be  generated  in  the  presence 
of  adenosine  and  homocysteine,  presumably  via  S-adenosylhomocysteine  hydro- 
lase, leading  to  marked  inhibition  of  methylation  of  nuclear  RNA  in  mouse 
lympoid  leukemia  cells. 

Proposed  Course: 

Detailed  analysis  of  RNA  synthesis  by  the  procedures  outlined  appears  to  be 
a  sensitive  and  discriminating  means  of  assessing  the  pharmacological  action 
of  nucleoside  anticancer  drugs.   Further  studies  with  agents  such  as  sine- 
fungin,  an  antibiotic  antimetabolite  of  S-adenosylhomocysteine,  and  2',5'- 
oligoadenylic  acid,  an  endonuclease  activator  produced  by  interferon-treated 
cells,  will  be  investigated  to  define  their  sites  of  action  on  the  synthesis 
and  methylation  of  nuclear  and  cytoplasmic  RNA  in  ascites  tumor  cells. 
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Objectives ; 


Many  antimetabolites  such  as  5-fluorouracil  (5-FU)  and  5-azacytidine  (AZC)  are 
believed  to  exert  their  antitumor  effects,  at  least  in  part,  by  being  incorp- 
orated into  mRNA  and  initiating  miscoding  during  translation.   To  test  this 
hypothesis,  poly(A)RNA  will  be  isolated  from  polyribosomes  of  regenerating 
rat  liver  or  Ehrlich  ascites  cells  incubated  in  vitro  and  analyzed  in  an  in 
vitro  translation  system  prepared  from  wheat  germ  embryos  or  reticulocyte 
lysates-   The  labeled  translation  products  will  be  analyzed  by  isoelectric 
focusing  and  polyacrylamide  gel  electrophoresis.   In  addition,  rKNA  and 
poly(A)RNA  will  be  analyzed  for  modification  of  their  size,  as  well  as  their 
rates  of  synthesis  resulting  from  treatment  with  5-FU  and  other  anticancer 
drugs. 

Methods  Employed: 

Isolation  of  polyribosomes  by  Mg   precipitation  of  10,000  x  g  extracts  of 
rat  liver  or  Ehrlich  cells;  extraction  of  poly(A)RNA  by  SBS-phenol-HCCl^ 
and  poly(U)-Sepharose  chromatography;  incubation  of  poly(A)RNA  with  [  H] 
leucine  or   [   Sjmethionine,  amino  acids,  KCl  GTP,  ATP,  PEP,  Mg   ,  spermidine 
and  wheat  germ  extract  or  reticulocyte  lysate;  extraction  of  labeled  proteins, 
and  product  anaysis  on  polyacrylamide  slab  gels  using  fluorography ;  measure- 
ment of  the  size  distribution  of  poly(A)RNA  by  agarose-urea-SDS-iodoacetate 
gel  electrophoresis. 

Major  Findings: 

1.   The  effect  of  5-FU  on  the  Simthesis  of  polysomal  RNA,  the  incorporation 
of  the  drug  into  polysomal  RNA,  and  the  translation  of  5-FU  modified  poly- 
adenylic  acid-containing  RNA  [poly (A) RNA]  were  measured  in  regenerating  liver 
of  partially  hepatectomized  rats  treated  with  5-FU  at  1  and  16  hr  after 
surgery.   Polysomal  RNA  was  separated  into  poly (A) RNA  and  rRNA.   The  synthesis 
of  poly (A) RNA,  as  measured  by  [  Hjorotic  acid  incorporation,  was  unaffected  by 
5-FU  (20  mg/kg) ,  while  rRNA  synthesis  was  decreased  approximately  60%.   The 
intracellular  specific  radioactivity  of  UTP  was  unaltered  by  drug  treatment. 
Poly(A)RNA  contained  2.68  pmol  of  5-FU  per  yg  of  RNA,  and  rRNA  contained  0.54 
pmol  of  5-FU  per  pg  of  RNA  after  administration  of  a  20  mg/kg  dose  of  5-FU. 
Agarose-urea  gel  electrophoresis  showed  that  poly(A)RNA  labeled  with  [  H]-5- 
FU  had  a  modal  distribution  in  size  of  21S  and  was  similar  to  that  of  control 
poly (A) RNA  labeled  with  [  H] orotic  acid.   rRNA  labeled  with  [  H]-5-FU  showed 
28S  and  IBS  RNA  with  an  additional  species  at  38S  in  comparison  to  control 
rRNA.   Control  and  5-FU  modified  poly (A) RNA  were  translated  in  vitro  in  a 
cell-free  wheat  germ  system.   The  products  were  analyzed  by  sodium  dodecyl 
sulfate-polyacrylamide  gel  electrophoresis,  isoelectric  focusing,  and 
fluorography.   Poly(A)RNA  from  rats  treated  with  20  mg  of  5-FU  per  kg  stimula- 
ted translation  by  240%  in  comparison  to  poly (A) RNA  from  control  animals.   The 
stimulatory  effect  was  associated  with  an  overall  increase  in  the  quantity  of 
products  translated  and  a  preferential  increase  in  five  high-molecular-weight 
peptides.   There  was  no  change  in  the  size  or  isoelectric  composition  of  the 
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proteins,  and  no  new  translation  products  were  observed.   Although  the  initial 
rate  of  translation  of  5-FU-modif ied  poly(A)RNA  was  4  times  faster  than  that 
of  control  poly(A)RNA,  the  initiation  step,  as  measured  by  the  formation  of 
methionylpuromycin,  was  the  same  for  both  species  of  RNA.   Competition  ex- 
periments with  7-methylguanosine  monophosphate  and  7-methylguanosine  di- 
phosphate, to  measure  the  interaction  of  the  5 '-cap  of  mRNA  with  initiation 
sites  in  the  ribosome,  also  showed  no  differences  between  control  and  5-FU- 
modif  ied  poly(A)RNA. 

Proposed  Course: 

Further  analysis  of  the  effect  of  5-FU,  as  well  as  AZC  on  poly (A) RNA  activity 
will  be  studied  in  Ehrlich  ascites  tumor  cells  in  vitro.   These  investigations 
should  unequivocally  determine  whether  modification  of  translation  by  these 
antimetabolites  is  a  relevant  effect  related  to  their  antitumor  activities. 

Publications: 

Carrico,  C.K.  and  Glazer,  R.I.:   The  effect  of  5-fluorouracil  on  the  synthesis 
and  translation  of  poly (A) RNA  from  regenerating  liver.   Cancer  Res.  39: 
3694-3701,  1979. 
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itranscription  via  RNA  polymerase  II  in  vitro.   Characterization  of  stimulatory 
NHCP  will  be  performed  with  specific  antineoplastic  drugs  as  pharmacological 
jprobes  of  their  molecular  sites  of  action  in  a  cell-free  transcription  system. 
IThe  effects  of  adenosine  analogs  will  be  further  explored  by  assessing  the 
iphosphorylation  of  NHCP  in  nucleosomes ,  the  transcriptional  unit  in  eukaryotic 
:cells.   The  phosphorylation  of  the  high  mobility  group  (HMG)  proteins  associated 
[with  nucleosomes  will  be  explored. 
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Objectives; 


The  phosphorylation  of  nonhistone  chromosomal  proteins  (NHCP)  is  believed  to 
exert  a  regulatory  role  on  transcription  in  eukaryotic  cells.   This  process  is 
mediated  via  nuclear  protein  kinases,  a  heterogeneous  group  of  isoenzymes 
which  are  cyclic  nucleotide  independent.   Cordycepin  (3'-deoxyadenosine)  com- 
petitively inhibits  protein  kinase  activities  partially  purified  from  rat 
liver  or  rat  hepatoma  3924A.   One  objective  of  this  project  is  to  determine 
the  effect  of  adenosine  analogs  upon  the  phosphorylation  of  a  specific  class 
of  nuclear  proteins  known  to  be  associated  with  transcriptionally  active 
chromatin.   The  high  mobility  group  (HMG)  of  nucleosomal  NHCP  are  ideal  for 
this  study  since  they  can  be  isolated  relatively  free  of  most  histones  and 
other  NHCP  by  gel  electrophoresis,  and  are  known  to  be  associated  with  the 
transcriptional  unit  of  the  cell,  the  nucleosome.   A  second  objective  is  to 
isolate  NHCP  which  specifically  stimulate  transcription  in  vitro. 

Methods  Employed: 

Isolation  of  nuclei  from  rat  liver  and  extraction  of  NHCP  by  urea-phosphate 
buffer  extraction.   Purification  of  NHCP  by  QAE  Sephadex-urea  chromatography, 
flat  bed  isoelectric  focusing,  and  polyacrylamide  slab  gel  electrophoresis; 
extraction  of  HMG  proteins  with  2%  trichloroacetic  acid;  separation  and  quant- 
itation of  HMG  proteins  by  SDS  and  acid-urea  polyacrylamide  gel  electrophores- 
is and  autoradiography;  labeling  of  NHCP  and  HMG  proteins  by  injection  of  „^P 
(with  rats)  or  incubation  of  L1210  or  Ehrlich  ascites  cells  in  vitro  with   "P. 

Major  Findings: 

1.  A  nonhistone  chromosomal  protein  was  extracted  and  purified  177-fold  from 
rat  liver  nuclei  which  stimulated  RNA  synthesis  in  vitro  catalyzed  by  wheat 
germ  RNA  polymerase  II  with  either  liver  chromatin,  or  native  or  denatured 
calf  thymus  DNA  as  template.   The  stimulatory  nonhistone  chromosomal  protein 
fraction  was  characterized  as  having  a  molecular  weight  of  66,000  and  a  pi  = 
8.2-9.0.   No  activity  was  found  with  Escherichia  coli  RNA  polymerase  and  liver 
chromatin.   The  binding  of  the  stimulatory  nonhistone  chromosomal  protein 
occurred  exclusively  with  the  chromatin  template  and  not  with  RNA  polymerase 
II  as  assessed  by  its  interference  with  actinomycin  D  but  not  with  a-amanitin, 
respectively. 

2.  The  ability  of  the  high  mobility  group  (HMG)  proteins  to  be  phosphorylated 
was  examined  in  Ehrlich  ascites  and  L1210  cells  incubated  in  vitro.   HMG  pro- 
teins were  selectively  extracted  from  isolated  nuclei  with  2%  trichloroacetic 
acid,  and  electrophoretically  separated  on  acid-urea  or  SDS  polyacrylamide 
gels.   Autoradiography  of  the  gels  revealed  that  among  the  HMG  proteins,  only 
HMG  14  and  17  were  labeled.   The  specific  activities  of  these  two  proteins 
were  approximately  equal  to  that  of  histone  HI.   Phosphorylation  of  HMG  14  and 
17  reached  a  maximum  in  2-3  hr  and  had  turnover  rates  in  pulse-chase  ex- 
periments similar  to  that  of  phosphorylated  histone  Hi. 
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Proposed  Course: 

The  inter-relationship  between  the  phosphorylation  of  HMG  and  histone  H 
proteins,  and  the  synthesis  of  nuclear  RNA  will  be  further  investigated  in 
Ehrlich  ascites  cells  i^  vitro  with  inhibitors  of  RNA  synthesis  such  as 
sangivamycin  and  actinomycin  D.   The  role  of  phosphorylated  HMG-14  and  -17, 
as  well  as  non-phosphorylated  HMG-1  and  -2  will  be  analyzed  by  the  blot  trans- 
fer technique  to  measure  the  binding  of  various  species  of  nRNA  and  native 
and  denatured  DNA  to  these  species  of  chromosomal  proteins. 

Publications: 

Legraverend,  M.  and  Glazer,  R.I.:   Characterization  of  a  nonhistone  chromoso- 
mal protein  which  stimulates  RNA  polymerase  II.   Biochim.  Biophys.  Acta  607: 
92-101,  1980. 

Saffer,  J.D.  and  Glazer,  R.I.:   The  phosphorylation  of  high  mobility  group 
proteins  14  and  17  from  Ehrlich  ascites  and  L1210  cells  in  vitro.   Biochem. 
Biophys.  Res.  Commun.,  in  press. 
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Biochemistry  Section 

Laboratory  of  Medicinal  Chemistry  and  Biology 

October  1,  1979  -  September  30,  1980 


After  the  abolishment  in  March,  1980  of  the  Laboratory  of  Toxicology,  of 
which  it  had  been  a  constituent  unit,  the  Biochemistry  Section  was  trans- 
ferred en  bloc  to  the  Laboratory  of  Medicinal  Chemistry  and  Biology.   There, 
it  has  continued  to  examine  the  mechanisms  by  which  oncolytic  analogs  or 
antagonists  of  the  dicarboxylic  amino  acids  inflict  damage  on  normal  and 
cancerous  tissues.   In  addition,  since  these  oncolytic  amino  acids  act  by 
interrupting  purine  or  pyriraidine  biosynthesis  (at  the  steps  whereat  their 
normal  counterparts  are  utilized)  rather  than,  for  example,  by  Impeding 
protein  or  amino  acid  biosynthesis,  the  Section  has  begun  to  examine  the 
susceptibility  of  all  the  enzymic  steps  in  these  pathways  to  pharmacologic 
attack  by  agents  other  than  the  analogs  of  the  dicarboxylic  amino  acids . 
This  amplification  of  scope  has  required  considerable  'methods-development' 
because  certain  of  the  enzymic  steps  involved  in  purine  and  pyrimidine 
biosynthesis  are  complex  and  poorly  studied.   Lastly,  in  order  to  promote 
its  integration  into  the  Laboratory  of  Medicinal  Chemistry  and  Biology, 
the  Biochemistry  Section  is  embarking  on  a  collaborative  project  with  the 
Drug  Design  and  Chemistry  Section;  this  project  will  entail  the  design, 
synthesis  and  testing  of  new  cytotoxic  analogs  of  DOPA.   It  is  anticipated 
that  the  Biochemistry  Section  will  examine  the  susceptibility  of  these 
novel  structures  to  oxidation  by  tyrosinase  and  also  characterize  their 
ability  to  interfere  with  the  growth  of  human  melanotic  and  amelanotic 
melanomas  in  vitro. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

The  mechanism  by  which  analogs  and  antagonists  of  the  dicarboxylic  amino 
acids  and  their  amides  exert  toxic  and  oncolytic  effects  have  been  examined 
with  animals,  cells  in  culture,  and  isolated  enzymes.   In  addition,  the 
mechanisms  by  which  cells  become  resistant  to  the  toxic  or  therapeutic 
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Trans carbamylase;  however,  in  at  least  one  resistant  variant  of  the  Lewis 
Lung  Carcinoma,  resistance  is  accompanied  by  increased  Carbamyl  Phosphate 
Synthetase  II.   The  locus  of  action  of  Acivicin  has  not  yet  been  charac- 
terized, but  resistance  to  this  drug  is  clearly  a  transport-related  phenomenon. 
In  the  case  of  L-Alanosine,  resistance  has  been  shown  to  be  due  to  two  factors; 
1.  an  inability  to  synthesize  and/or  retain,  critical  concentrations  of 
the  proximate  antimetabolite,  'L-Alanosyl-AICOR' ;  2.  higher  basal  levels  of 
purine  salvage  enzymes  in  the  resistant  cell. 
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Major  Findings: 

I.      Studies  with   Oncolytic  Analogs    of    the   Dicarboxylic  Amino  Acids    and 
Their  Amides 

A.      FALA 

1.  Introduction  and  Background.      PALA,    (N-phosphonacetyl-L-aspartic   acid, 
NSC   224131)   was    synthesized   as    an   analog  of   the    transition-state   intermediate 
of  L-aspartate    transcarbamylase    (ATCase)    and,    as    such,    is    a  potent   inhibitor 
of  pyrimidine  biosynthesis.      FALA  has    shown   an   unusual  spectrum  of   antitumor 
activity   against    transplantable  murine    tumors,    particularly    for   an  anti- 
metabolite.     For   instance,    FALA  is    curative   against    the  Lev/is    Lung   Carcinoma 
and   other  solid    tumors,   but   is    ineffective   against   a   considerable   number   of 
murine   leukemias .      At  present,    FALA  is    undergoing  Phase   II    clinical   trial 

in  man.      A  search    for   the  biochemical  determinants    of   resistance    to  FALA 
has   been  a  primary    goal   of    the   research   recapitulated   in    this    Section. 

2.  Methods   Development.      Inasmuch    as   FALA  provokes   profound  perturbations 
on   the   de   novo  pyrimidine   pathway,    it  has   been  necessary    to   develop 
techniques    for   assessing   the   enzymic   activities    and  product  pool   sizes 

of   this   pathway.      In   the   last  year  we  have  made   excellent  progress    towards 
reaching   the   state  where  we    can  quantify    the  biochemical   ramifications 
of  drug  action  on   de  novo  pyrimidine  biosynthesis   by   measuring  all   the 
enzyme   activities    and  many   of    the   reaction   intermediates .      In   the 
development   of   radiometric   assays    for    these   enzymes,    it  has   been  necessary 
to  synthesize    two  substrates,    N-carbamyl-L-[l^C] aspartate   and   L-[-'-^C]- 
dihydroorotate    for   the   measurement   of  L-dihydroorotase   and  L-dihydroorotate 
dehydrogenase   activities,    respectively.      These   two  substrates    are   not   avail- 
able  commercially    and   a  very   simple    technique    for    their  preparation   from 
commercial    [carboxy--'-^C] orotic   acid   utilizing  bacterial  dihydroorotate 
dehydrogenase  has   been  developed.      The  most   difficult   of    the  pyrimidine 
intermediates    to  measure    is    carbamyl  phosphate,    the   product   of    the    first   and 
rate-limiting  step   in   the  pathway.      Carbamyl  phosphate   is    a  very    labile 
intermediate   and    is    extremely   susceptible    to  phosphatasic  breakdown,    an 
event  which    renders    its   quantitation  difficult.      We  have   approached   this 
problem  by    lysing   tumor   cells    in   the  presence   of   excess  bacterial  ornithine 
carbamyl   transferase   and    [l^C] ornithine  which   quantitatively   and   instan- 
taneously  condenses    any    carbamyl  phosphate  present   to  yield    [ -'-^Cjcitrulline . 
Citrulline   is    readily   separated    from  ornithine   on   the    long  column   of   the 
amino   acid   analyzer  equilibrated   and   developed  with   0.3  M  lithium  citrate, 
at  pH   7.98.      Our   success  with    this    approach   on    cells    grown   in   culture   permits 
a  qualified   optimism  that   it   can  be   utilized    for  measuring   carbamyl  phosphate 
pools    in   tissues    and   tumors. 

Orotic   acid    is    a  second   important,    but    late,    intermediate   in   the  pyrimidine 
biosynthetic  pathway.      We  have   developed   an   HPLC  method    for   its   quantifica- 
tion.     Measurement   of    the   perturbation   of   orotic   acid  pools  by   drugs    that   act 
at  early    steps    on    the   pathway    (e.g.    PALA)    allows    for  pertinent   assessments 
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of  inhibition  of  precursor  flux  through  the  pathway.   This  dynamic  approach 
to  measuring  the  effects  of  enzyme  inhibition  seems  to  give  a  more  valid 
index  of  the  biochemical  effects  of  drugs  as  opposed  to  the  more  tradi- 
tional, static,  approach  of  extrapolating  from  measured  percent  inhibitions 
of  target  enzyme  activities . 

3.   Biochemical  and  Pharmacological  Studies.   In  the  annual  reports  for  the 
previous  years,  it  has  been  noted  that  the  specific  activity  of  ATCase  was 
an  important,  but  not  sole,  determinant  of  tumor  sensitivity  and  resistance 
and  toxicity  of  PALA.   We  have  extended  these  studies  by  evaluating  ATCase 
activity  in  several  variants  of  the  Lewis  Lung  Carcinoma  that  were  developed 
for  resistance  to  PALA  by  repetitive  treatment  with  subcurative  doses  of  the 
drug  in  the  laboratories  of  Dr.  R.  K.  Johnson  (ADL)  and  Dr.  R.  L.  Cysyk 
(NCI).   One  PALA-resistant  line  (LL/PALA-J)  had  an  elevated  (2x)  ATCase 
activity  when  compared  with  the  parent  PALA-sensitive  line  (LL/0) ;  however, 
the  other  resistant  variant  (LL/PALA-C)  had  an  ATCase  activity  identical 
to  that  of  LL/0.   The  kinetics  of  ATCase  in  these  three  Lewis  Lung  lines 
were  the  same,  both  with  regards  to  the  natural  substrates,  carbamyl  phos- 
phate and  L-aspartic  acid  as  well  as  towards  PALA.   Inhibition  of  ATCase 
by  PALA  is  competitive  with  respect  to  carbamyl  phosphate.   Measurements  of 
the  percent  inhibition  of  ATCase  24  hr  after  mice  received  graded  doses  of 
PALA  showed  that  the  two  resistant  variants  had  slightly  lower  inhibition 
at  any  given  dose.   Studies  on  the  rates  of  restitution  of  ATCase  activity 
following  a  single  therapeutic  dose  of  PALA  (400  mg/kg)  showed  ATCase 
inhibition  to  be  persistant  (t-i/o  =  7  days  in  LL/0).   While  all  three  tumor 
lines  showed  comparable  rates  of  restitution,  the  two  PALA-resistant  variants 
were  quicker  to  achieve  full  enzymic  restitution.   A  dynamic  approach  to 
assessing  ATCase  inhibiton  has  been  taken  by  measuring  the  effects  of  PALA 
on  orotate  and  orotidine  levels  in  tumors  concomitantly  treated  with  pyrazo- 
furin  (a  fradulent  nucleoside  which,  after  anabolism,  inhibits  orotidylic 
decarboxylase  and  thus  provokes  the  accumulation  of  orotate  and  orotidine). 
In  the  LL/0  line,  400  mg/kg  PALA  completely  blocks  orotate  and  orotidine 
accumulation  in  pyrazofurin-treated  animals.   However,  accumulation  is 
only  inhibited  75  and  50%  in  the  LL/PALA-C  and  LL/PALA-J  lines,  respectively. 
Thus,  the  two  resistant  lines,  to  some  degree  at  least,  maintain  a  functional 
flux  through  the  de^  novo  pyrimidine  pathway. 

Taken  together,  these  results  suggested  that  either  ATCase  was  turning  over 
more  rapidly  in  the  PALA-resistant  tumors,  or  that  an  augmented  pool  of 
carbamyl  phosphate  was  serving  to  displace  PALA  from  its  target,  and  conse- 
quently, diminishing  ATCase  inhibition.   Measurements  of  the  specific 
activities  of  all  of  the  pyrimidine  biosynthetic  enzymes  in  these  tumor  lines 
showed  that  the  first  and  rate-limiting  enzyme,  carbamyl  phosphate  synthetase 
II  (CPS  II),  was  significantly  elevated  in  the  two  resistant  variants. 
Increased  CPS  II  activity  should  lead  to  enhanced  carbamyl  phosphate  pools 
and  thus  competitive  displacement  of  PALA  from  ATCase  in  the  resistant  lines. 

An  alternative  mode  of  resistance  for  tumor  cells  to  PALA  would  be  an 
enhanced  activity  of  the  salvage  pathway  which  would  increase  the  reutili- 
zation  of  preformed  pyrimidines .   The  activities  of  the  kinases  which 
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phosphorylate   all   of    the  pyrimidine   nucleosides    and  deoxynucleosides    are 
identical   in   the    three    lines.      Interestingly    though,   PALA  treatment  enhances 
these   activities    1-2    fold   in  all   lines,    and    to   a   larger  degree   in  the   two 
resistant  variants.      Since   simultaneous    administration  of  uridine  with   PALA 
rescues   LL/0   tumors,    the    importance   of   the   elevated  kinase   activities    as 
determinants    of  PALA   resistance   remains   unclear. 

Cell   culture    lines  have  been  established   from   these   tumors;    they   retain  not 
only    their   in  vivo  enzymologic   characteristics  but   also   their   tumorigenlcity 
and  appropriate   sensitivity    or   resistance   to  PALA.      Studies  with    these 
cells   have  shown  no  differences    in  the   uptake   of  PALA  into   the   different 
lines.      PALA  does    exhibit   a   less    profound   inhibitory   effect  on    [-"-^Clbicar- 
bonate    flux   through    the  pyrimidine   pathway    in   the   PALA- resistant   cells,   both 
in   terms    of   end-product   synthesis    (IMP)    and    the  pathway   intermediates ,  which 
are   separated   and   quantified  by   automated   chromatography. 

In  mammalian   cells,    CPS   II   and  ATCase   exist   in  a   cytoplasmic   complex  with 
L-dihydroorotase.      The   activities    of   the   first   three   enzymes    generally   rise 
and    fall   conjointly.      Thus,    tumors  with  high   ATCase   activity    likely  have 
elevated   CPS    II    activity   as  well.      The   correlation  between  ATCase  activity 
and  PALA  sensitivity   may    then   only  be    an   indirect   indicator  of  CPS   II 
activity    in   these    tumors .      The    importance   of   CPS    II    as    a  co- determinant   of 
PALA  sensitivity  will  be  evaluated  by   examining  CPS   II    activities   and 
carbamyl  phosphate   pools    in  a  spectrum  of   naturally   sensitive   and   resistant 
tumors  . 

4.      Therapeutic   Studies.      Accumulated  evidence   suggested    that   resistance    to 
FALA  was,    in  select   cases,    related   to   CPS    II   activity   and   carbamyl  phosphate 
levels.      Thus,    it  was    felt   that    diminution   of   carbamyl  phosphate   production 
in  the  PALA-resistant   tumors   might   render   them  sensitive    to  PALA.      Towards 
this    end,    a  spectrum  of   L-glutamine   antagonists  were  screened   in  vitro   as 
possible   inhibitors    of   crude   extracts    of   CPS   II    (a   glutamine-utilizing 
amidotransferase)    prepared    from  LL/PALA-C   tumors.      Acivicin    (NSC   163501)   was 
found   to  be    the  best   of    the   CPS    II    inhibitors.      The   kinetics    of   Acivicin  inhi- 
bition of   CPS   II   activity  has   been  established;    doses    greater   than   10  mg/kg 
Acivicin   inhibit    CPS   II   activity    in  LL/PALA-C   tumors   up    to   85%    as    assessed 
by   direct   enzyme   assay    and  by   measuring   the    inhibiton  of  orotate   and 
orotidine   accumulation   in  pyrazofurin-treated  mice.      Restitution   of   CPS   II 
activity    is    rapid    (t]^/2   ~   24  hr) .      On   the  basis    of   these   and    collateral 
studies  with   PALA,    a   therapeutic    trial  was   set  up    to  evaluate    the    combina- 
tion  of  PALA   and   Acivicin  against  LL/PALA-C   tumors.      The   results    of   this 
trial   show   that   as    single   agents,    neither  drug  is    active   against   this    line; 
however,    combinations    of  5    or   10   mg/kg  Acivicin    (days    1-9)    and   200   mg/kg 
PALA    (days,    1,3,5,7,9)    show   >90%   inhibition   of    tumor   growth   on  days    10    and 
21   and    >140%    ILS .      Long-term    cures    (3/10)   were   observed   in   the   10  mg/kg 
Acivicin  plus    200   mg/kg  PALA  treatment   group.      Higher  doses    of  Acivicin 
(e.g.    25    mg/kg)    given  with   PALA  were   very    toxic.      These   experiments   suggested 
that    (1)    carbamyl  phosphate   production    is    an   important  modulator   of  PALA 
therapeutic   activity    and    (2)    that   the   rigorous  biochemical  definitions    of 
a   rationally-designed   drug   combination  protocol   can  provide   enhanced    thera- 
peutic  results . 
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Another  approach    to   developing  possible    therapeutic   combinations    of  PALA 
has   been   taken  by   examining   the  effects    of  PALA  and   other  drugs    on   the 
growth   of  human  mammary    carcinoma   cells    in  culture    (MDA  line) .      In   colla- 
boration with   Dr.    R.    Glazer  we  have   examined   the  biological  and  biochemical 
effects   of  PALA  and   5-f luorouracil    (5-FU) ,    singly   and   in  combination   as^ 
inhibitors    of  growth   of  MDA  cells.      All   combinations    of   5-FU    (2.5   x   10 
to   1.5   X   10"%)    and  PALA   (6.0   x   10~-5    to   3.7   x   10"%)    resulted   in  synergistic 
inhibition  of  cell   growth   as    revealed  by    a  50%    response   isobologram.      To 
examine   the  biochemical  basis    for   the   synergism,    measurements    of   inhibition 
of   the   activity   of   thymidylate   synthetase,    incorporation   of    [%]5-FU  into 
total   poly  (A)"   and  poly    (A)"*"  RNA,    and  percent   inhibition   of   incorporation   of 
[  ■^H]2'-deoxyguanosine   and    [%]2'-deoxy  uridine   into  DNA  were  made.      PALA  at 
3.7  x   10~5m    (non-inhibitory    to   cell   growth)    did   not   inhibit   the   activity   of 
thymidylate   synthetase,  while   5-FU   at    1  x   10"^ (producing  a   20%   inhibition 
of   cell   growth)    inhibited    the  enzyme  by    30%   over   a   3  hr  period.      The    combi- 
nation of   3.7  X   10~5m  PALA  and   1  x   10"%  5-FU    (producing  55%    inhibition   of 
cell   growth)    inhibited   thymidylate   synthetase  by    80%   over   a  6  hr  period. 
Treatment  of   the   cells  with    the   same   combination   of  drugs   produced  a   1.4- 
to   2.3-fold   increase   In   the   incorporation  of    [3h]5-FU  into    total  poly (A)" 
and  poly (A)      RNA  in  comparison   to  5-FU   treatment   alone.      The  percent   inhibi- 
tion of   incorporation  of    [%]2'-deoxyuridine   into  DNA  by    the    combination   of 
PALA  and  5-FU   followed    thymidylate   synthetase   activity    closely,   but   incor- 
poration of    [-'H] 2 '-deoxy guanos ine   into  DNA  was    affected    to   a   lesser  degree. 
Thus,    the   combination  of  PALA  and   5-FU  prolonged    the   inhibition   of   thymi- 
dylate synthetase    and   enhanced    the   incorporation   of   5-FU   into   RNA  in 
comparison   to    the  single   regimen  of   5-FU. 

B.      Acivicin 

1.      Introduction  and   Background.      Acivicin,    [L- (aS ,5S)-a-amino-3-chloro- 
4,5-dihydro-5-isoxazoleacetic   acid;   NSC-163,501;    AT-125]   was    isolated    from 
the    fermentation  broths   of   Streptomyces    sviceus   and   found    to  have  signifi- 
cant  antitumor  activity   against   L1210   and   P388   leukemia  in  mice   as   well 
as    against  human  breast   and   lung   tumor   xenografts    in  athymic  mice.      Since 
the   antibacterial   activity   of  Acivicin  could  be   reversed  by   L-histidine, 
this    antibiotic  was    at    first    thought   to  be   an  antagonist   of   L-histidine. 
We,   however,    found  Acivicin  to  be   a  potent   inhibitor   of  L-glutamine 
utilization  by    tumoral   L-asparagine   synthetase,    an  enzyme  which    catalyzes 
the   synthesis    of  L-asparagine    from  L-glutamine   and  L-aspartic   acid. 
Further,    Acivicin  inhibited    the   utilization  of   L-glutamine  by   various    other 
L-glutamine   amidotransf erases    in  vitro   and   in  vivo.      This    agent   arrested 
the   cell  cycle  at   Gj^  or   early   S   phase.      Of   the  various    amino   acids    tested, 
only   L-glutamine   could   antagonize   the   growth-inhibition  produced  by 
Acivicin  in  mammalian   cells .      After   a  single    therapeutic  dose   of    the   drug, 
the   concentration  of  L-glutamine  was    elevated   in  pancreas,    liver,   brain 
and   tumor.      All   these  studies  warrant   the    characterization   of    this    agent 
as   an  antagonist   of   L-glutamine. 
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a.  Measurement   of  Acivicin   in  Plasma.      A  sensitive   radiometric   enzyme 
inhibition  assay  was    developed    for   the   determination  of  Acivicin  in 
plasma,   based   on   the   potent   inhibition  of   carbaiiryl  phosphate  synthetase 
II  by    the   drug.      Plasma  was   heated   at   95 °C   for   5  min   to   quantitatively 
detach  bound  Acivicin.      After   centrifugation,    free   drug  was   quantitated 
by   exposing  purified   carbamyl  phosphate   synthetase    (CPS)    from  Escherichia 
coli    to   representative   aliquots    or   subdilutions    of    the   resultant   super- 
natants    in   the   presence   of  L-glutamine,    L-aspartic   acid,    ATP-MgCl2, 
NaH[l^C]03  and  purified   L-aspartate    transcarbamylase    (ATC)    from  E.    coli. 
CPS    catalyzes    the   synthesis   of   carbamyl  phosphate    from  L-glutamine, 
ATP-MgCl2   and  NaH[l'ic]03.      The   unstable   carbamyl  phosphate    thus 
generated  was    quickly   and   quantitatively   converted   to    [-'-^C]    carbamyl- 
L-aspartic   acid  by    the   action  of  ATC   utilizing    [l^C]carbamyl-phosphate 
and  L-aspartic   acid   as   substrates.      After   a   15  min  incubation  at   37°C, 
unreacted  NaH[l^C]03  was    dissipated   at   acidic  pH   and   the  newly    formed 
[-"-^Cjcarbamyl-L-aspartic   acid  was   quantitated  by   scintillation  spectro- 
metry.     The  percent   inhibition  of   the    formation   of   carbamyl-L-aspartic 
acid   through    the   conjoint   actions    of   CPS   and   ATC   responds    in  a   linear 
way    to   the   logarithm  of   the   concentration   of   Acivicin  between   20-200   ]M. 
The   unknown   concentration  of  Acivicin  was   determined   indirectly  by 
matching   the   percent   inhibition  produced  by    the  unknown   to   the  percent 
inhibition  produced  by   a  series    of   acivicin  standards    over   the   linear 
range.      This    assay    is    sensitive,    adequately   reproducible,    and   facile. 

It   can  be  used   to  measure   Acivicin  in   the  plasma  of  subjects    treated 
with   this   new   oncolytic   agent. 

To  demonstrate    the   practical  usefulness    of    this    assay,    the    time-course 
of   clearance   of   Acivicin  from   the   plasma   of  mice    given   a   therapeutic 
dose    (250   mg/kg)    of   the   drug  was   studied.      These  studies    indicated 
that   the   drug  had   a  short  plasma  clearance   time    (tj^/2  ~    27  min)    and 
reached  undetectable   levels    after   4  hours    (<10    yM)    after   Acivicin  adminis- 
tration. 

b.  Determination  of  CMP   Synthetase.      GMP  synthetase   catalyzes    the 
transfer   of    the   amido   group    of   L-glutamine    to  XMP    to  yield   GMP, 
utilizing  ATP    as    the   energy   source.      Since   radioactive   XMP   is    not   com- 
mercially   available,    it  was    synthesized    from    [8--'-^C] xanthine   using   the 
hypoxanthine-guanine   phosphoribosyl   transferase  system.      Reaction 
mixtures    for   the   analysis    of   GMP   synthetase   contained,    in  a   total   volume 
of   20   yl,    5   yl   of    [8-l^C]XIIP    (2.5   nmoles ,    125   nCi) ,    5   yl  of  0.04  M  ATP- 
MgCl2   in  0.05   M  Tris-HCl,    pH   7.6,    5    yl  of   0.04  M  L-glutamine   in  0.05  M 
Tris-HCl,   pH    7.5   and   5   yl   of   enzyme   extract.      The   reactants  were  mixed 
by    a  brief   centrifugation   at    12000g   and   incubated   at   37°C   for    20   min. 
The   reaction  was    terminated  by  heating  at   95°    for   2  min.      The    reaction 
vessels  were   centrifuged   at   12000g   for   1  min  and   5   yl  of   the   reaction 
mixture  was    spotted   on   a  Whatman   3M  paper   and   subjected    to  paper   electro- 
phoresis   in  0.05  M  sodium  phosphate  buffer,    pH   7.2   at   4°C,    applying 
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a  current  of  1.3  volts/sq  cm  for  1  hr.   Spots  corresponding  to  GMP 
were  excised  and  their  radioactivity  determined  by  liquid  scintillation 
spectrometry . 

3.      Biochemical-Pharmacologic   Studies .      Dr,    Randall  K.    Johnson  at  ADL  has 
developed   a   line   of  P388   resistant   to  Acivicin  by   repeated  exposure    to  sub- 
curative   doses    of   drug.      This    line  was    compared  with    the  parent,    sensitive 
line,    for   the   purpose   of  uncovering  enzymologic   differences.      After  a   thera- 
peutic  dose   of   the   drug,    carbamyl  phosphate   synthetase   II,    FGAR  synthetase 
and  L-asparagine  synthetase  were  potently   inhibited   in  both   lines,   while   GMP 
synthetase  was    only  partially    inhibited   in  these   lines.      Fructose-6-phosphate 
amido transfer as e ,    PRPP   amido transferase,    and  L-glutaminase  were   inhibited 
only   in  the  sensitive   line.      CTP   synthetase,   which   is    thought   to  be   one   of 
the   loci  of  Acivicin  action  was   not   inhibited   in  either   lines.      Four  hours 
after  a   therapeutic   dose   of    the   drug,    DNA  synthesis  was    equally   inhibited   in 
both   lines.      Acivicin  treatment  provoked   a   2-3   fold   expansion  of  L-glutamine 
pools    only   in   the   sensitive   line.      To   a  degree,    L-glutamine  metabolism  was 
perturbed  in  the   sensitive   line.      Detritiation  of    [%] Acivicin    (lised   as    an 
index   of  drug  metabolism)   was   minor    (1-2%)    in  both   lines,   but  sensitive   cells 
catalyzed   this    reaction   at   twice   the   rate   of   the   resistant   cells.      Acivicin 
was    transported  by   a  diffusion  +  active   transport  system  in   the   sensitive 
line,   but   apparently    only  by   active   transport   in  the   resistant   line. 
Acivicin  and  L-glutamine    competitively   inhibited   each   other's    transport 
indicating  that   they   share   a   common   transport  system.      Thus   development   of 
resistance    to  Acivicin  in   the    transplantable   murine   neoplasms    examined, 
was    thought   to  be    a   transport- related  phenomenon. 

C.   L-Alanosine 

L-Alanosine    (NSC   153353,    [L-2-amino-3-(N-nitrosamino-N-hydroxy)propionic 
acid]    is    an  antifungal,    antiviral   and   antitumor  antibiotic  elaborated 
by   Streptomyces    alanosinicus .      The   drug   interferes  with   cellular  metabolism 
by   virtue  of   its   similartiy    to  L-aspartic   or  L-glutamic   acids;    this    inter- 
ference  involves    inhibition   of   transport,    anabolism,    and   catabolism  of   these 
amino   acids    in  one   or  more   systems    and   in  one   or  more  phyla. 

It  has   been  postulated   repeatedly    that   the   active   metabolite   of  L-alanosine 
is    the   adduct  of   the   antibiotic  with   AICOR   (5-amino-4-imidazole   carboxylic 
acid   ribonucleotide)    and   the   resulting  molecule,    'L-Alanosyl-AICOR'    is   known 
to  be    the  potent   inhibitor   of  Adenylosuccinate   synthetase    (ASS).      However, 
attempts    to  demonstrate    this   molecule   in  tumors   had,    so   far,   met  with 
failure.      Since,    its    identification   is    central   to   any   explanation   of   the 
mechanism  of   action   of  L-Alanosine  we  have  undertaken  additional,   more   com- 
prehensive  studies    this   year   on   the   in  vivo    formation  of    'L-Alanosyl-AICOR' , 
using  L5178Y/AR    (growing  as   subcutaneous   nodules    in   the   flanks    of  BDF^  mice) 
because   of  its    clear  sensitivity   to   the   drug.      By   administering  massive  doses 
of   radioactive   drug   and  using  high   resolution   automated   chromatography  we 
have  been  able    to  show   that   an  adduct   of  L-Alanosine   and   AICOR,    in  fact, 
does    accumulate   in  tumors.      As   an  authentic  standard  we  synthesized 
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' L- Alan osyl-AI COR'    by   enzymatic  means    using   chicken  liver  SAICAR  synthetase; 
the  molecule   isolated   from  tumors  was    then  compared  with    this   standard. 
In  all  respects,    the   properties    of   the  molecule    isolated   from  tumor  were 
compatible  with   those   of    'L-Alanosyl-AICOR' :    it    coeluted  with    'L-Alanosyl- 
AICOR'    in   the  high    resolution  chromatographic   system  used,   was   Bratton- 
Marshall  positive   and   inhibited  ASS   strongly.      Thus,    the  K-j^   of    'L-Alanosyl- 
AICOR'    versus    a  partially  purified   ASS    from  the   L5178Y/AR  leukemia  was 
determined   to  be   0.228   yM,   whereas    the   K^   of  L-Alanosine  was    57.23   mM. 
Administration  of   radioactive   Alanosine   along  with   a   therapeutic  dose   of 
the    drug   resulted    in   the   accumulation  of    'L-Alanosyl-AICOR'    in   tumors,    after 
4  hrs  ,    to   a   concentration  of   70   yM,    a  value  vastly   in  excess    of   the  K-^   given 
above.      At   the   same    time,    the   concentration   of  L-Alanosine  was    <140   yM,    at 
which    concentration   the   antibiotic   itself   exerts    only   a  marginal  inhibition 
of   leukemic  ASS. 

In  ancillary   studies,    it  was    also  shown   for   the    first   time   in  vivo    that   the 
parenteral  administration  of   L-Alanosine   reduces    the  specific   activity   of 
ASS  by    70%   and   depresses    the   synthesis    of  DNA  to   an   equivalent   or   greater 
degree;    adenine    (but   not  hypoxanthine)   was    able    to   reverse   the   latter   inhi- 
tition.      Viewed   in  concert   these   experiments    established    that   the   adduct   of 
L-Alanosine  with   AICOR  is    formed  by   neoplasms    and   that    this    anabolite    is 
responsible    for    the    inhibition   of   ASS    and   in   turn    for   the   diminished   synthesis 
of  DNA  seen  after   a   therapeutic  dose   of   L-Alanosine. 

In   last  year's    report  we   presented  measurements    of   the   activity   of   the 
enzymes    capable   of   anabolizing  and   catabolizing  L-Alanosine;    the   correlations 
between   the   activity   of   these   enzymes    and   the  presence   of   resistance  were 
imperfect.      A  search  was    therefore  made    for   additional  biochemical   and 
pharmacological  determinants  which  might   contribute    to   the  state   of   resis- 
tance.     It  was    observed   that   the   antibiotic  strongly    inhibited  DNA  synthesis 
(70%)    and   ASS    activity    only    in   the  parent   or  sensitive   lines;   moreover,    after 
a   therapeutic   dose   of    the   drug,    the   concentration  of    'L-Alanosyl-AICOR'    was 
dramatically  higher   in   these  parent   lines    as    compared  with    the   resistant 
lines.      It  was    also   shown   for   the   first   time   that    'L-Alanosyl-AICOR'    can  be 
decomposed  by    a   lyase    (presumably    adenylosuccinic   acid    lyase)    from  yeast, 
muscle,    or   tumors;   however,    the   rate   of   decomposition  of   this    compound  by 
the   lyase    from  sensitive   or   resistant   cells  was   not  different.      In  both 
resistant   lines    the   enzymes    of  purine   salvage  were   elevated   to   a   level  -200% 
higher    than   those  measured   in  the  native   lines.      These  studies    establish 
that   resistance    to  L-Alanosine    is   very    likely   pluricausal;    however,    the 
ability   of   susceptible   cells    to  synthesize   or   retain   'L-Alanosyl-AICOR'    is 
an   element   important    to   the   process.      Also,    a  significantly   enhanced   ability 
to   reutilize   preformed   purines   by   resistant   cells    contributes    to   resistance. 
As   L-Alanosine   enters    clinical   trials,    it  will   remain   for    further  studies 
to   establish    the   relative   importance   of   these  mechanisms    in  human    tumors. 

In  view   of   our    findings    that   tumors   sensitive   to   L-Alanosine    accumulate 
more   of   its    active   anabolite    'L-Alanosyl-AICOR'    than   their   resistant   counter- 
parts,  we    embarked   on  measurement   of   this    anabolite    in  normal   tissues   with 
the    goal   of   determining  whether   an   analogous    toxicologic   correlation   could 
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be   established.      At   the   same   time,    measurements   were   also  made   of  L-Alanosine, 
a-decarboxy-L-alanosine   and  a-OH-L-Alanosine    to  provide   insight   into    the 
extent   of   the  metabolism   of  L-Alanosine   in   these   organs.      SAICAR  synthetase, 
the   enzyme   responsible    for   the   synthesis    of   the   aformentioned   anabolite  has 
also  been  quantitated    along  with    the    target  enzyme   ASS    and   the   catabolizing 
enzyme,    adenylosuccinic   acid   lyase   in  order   that   their  specific   activities 
in  a  panel   of   organs    known   to  be   susceptible   or   resistant    to   insult    from 
L-Alanosine   could  be    correlated  with    the   concentrations    of    'L-Alanosyl-AICOR' 
ultimately   achieved   in   these   organs. 

From  the   results    of   these   experiments,    it  was    concluded    that    'L-Alanosyl- 
AICOR'    is    the   compound   responsible    for   the    therapeutic   and  select    toxicologic 
properties    of   the   drug.      It  was    also   concluded   that   the   specific   activity 
of   SAICAR  synthetase   is   not    the  sole,    not  even   the  principal  determinant   of 
these  properties,   but   rather   that   it   is    the   dynamic   interplay   of   it  with 
the    target  enzyme    (adenylosuccinic   acid   synthetase)    and    the   catabolizing 
enzyme    (adenylosuccinate    lyase)    which   determines   whether   or  not  L-Alanosine 
will  inflict  damage   at   a  given  site. 

Two  most   important  areas    to  be   considered  with    respect   to    future  work  with 
L-Alanosine   are:    (1)    combination   chemotherapy   using  L-Alanosine    as    one   drug 
along  with  a  second   agent   capable   of  blocking  purine  biosynthesis    at   an 
earlier  step   or  with   another  drug   such   as   PALA  which    inhibits   pyrimidine 
biosynthesis.      Consideration  should   also  be   given   to    the   use    of   L-Alanosine 
along  with   another  drug  known   to  depress    the   synthesis    of   guanine   nucleo- 
tides;   Acivicin  is    such   an  agent    (XMP  j-r — »- GMP)  .      Secondly,    analogs    of 

'L-Alanosyl-AICOR'    should  be  synthesized.      This   molecule   being   a   nucleotide 
may   not   enter   the   cell  easily;   however,    the   riboside  moiety   of    this 
nucleotide  might   not  be   so   impeded. 

II .      Significance    to   Biochemical  Research   and    the   Program   of   the   Institute: 

Ideally,    the    Biochemistry   Section   uncovers    the  biochemical  mechanisms 
underlying   the    toxicity   of  new  oncolytic   drugs    and  suggests    rational 
antidotes    for   this    toxicity.      The   stress    is    on  enzymology ,    inasmuch    as 
many   drugs    operate  by    interacting  with   enzymes.      Practically   speaking, 
this   unit   cooperates  with   other  elements    of   the   Division   of   Cancer 
Treatment   in  ensuring   that  new   chemotherapeutic  modalities    can  be   used 
safely    in  man. 


This   project  was    formerly    under   the   Laboratory   of  Toxicology,   Project 
No,    ZOl   CM  03518-11  LT, 
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Molecular  Biology  and  Methods  Development  Section 

Laboratory  of  Medicinal  Chemistry  and  Biology 

October  1,  1979  -  September  30,  1980 

Tlie  Section  of  Molecular  Biology  and  Methods  Development  is  concerned  with 
the  development  of  regimens  for  the  potentiation  of  cancer  chemotherapeutic 
activities.   Its  staff  consists  of  the  Section  Head,  two  Senior  Staff  Fellows, 
one  Visiting  Fellow,  two  senior  technicians,  and  two  part-time  college 
students.   It  operates  in  two  configurations,  with  individual  members  of  the 
professional  staff  assuming  principal  investigatorship  of  specific  projects 
and  as  an  integrated  unit,  when  major  new  problems  are  being  explored  and 
require  a  multidisciplinary  approach. 

Nutritional  and  pharmacological  regimens  which  may  determine  therapeutic 
potency  are  explored  in  both  tissue  culture  and  the  tumor-bearing  animal  in 
attempts  to  direct  cytotoxic  agents  toward  the  tumor  cell  and  away  from 
sensitive  normal  tissues.   Syntheses  of  new  cytotoxic  and  potentiating  agents 
are  undertaken  to  achieve  this  goal.   Biochemical  studies  include  analysis  of 
inhibition  kinetics  of  binding,  transport  and  detoxification  of  cytotoxic 
agents  in  sensitive  and  resistant  tumor  cells  and  sensitive  host  tissues. 
A  major  effort  of  this  Section  has  involved  attempts  to  direct  the  transport 
of  cytotoxic  agents  away  from  sensitive  bone  marrow  progenitor  cells  and 
into  tumor  cells." 

Specific  transport  systems  are  present  in  mammalian  cells  for  the  uptake  of 
amino  acids,  nucleosides  and  choline.   These  are  mediated  by  a  carrier,  a 
component  of  the  plasma  membrane  which  often  exhibits  high  affinity  and 
limited  capacity  for  the  respective  nutrient.   The  structural  requirement  of 
substrates  to  participate  in  carrier  transport  depends  on  the  individual 
system,  and  certain  cytotoxic  agents  of  value  in  cancer  chemotherapy  have 
been  shown  to  enter  cells  via  such  transport  systems.   The  limited  capacity 
of  transport  carriers,  termed  saturability ,  makes  them  susceptible  to  com- 
petitive interaction,  and  thus  the  activity  of  cytotoxic  agents  which  gain 
entrance  to  the  cell  through  their  agency  may  be  controlled  by  competition 
with  a  non-cytotoxic  substrate.   We  have  carried  out  extensive  investigations 
of  this  phenomenon  with  the  use  of  viability  determinations  and  transport 
studies  in  tissues  of  murine  and  human  origin.   Possible  differences  have 
_been  evaluated  between  the  L1210  murine  leukemia  and  the  hematopoietic  pre- 
cursor cells  of  murine  bone  marrow  in  three  transport  systems,  one  specific 
for  the  longer  chain  aliphatic  amino  acids,  another  for  nucleosides  and 
a  third  for  choline.   We  have  utilized  melphalan  (L-phenylalanine  mustard), 
showdomycin  and  mechlorethamine  (HN2)  as  model  cytotoxic  agents  which  gain 
entrance  into  cells  via  the  leucine-preferring  carriers,  the  nucleoside 
carrier  and  the  choline  carrier,  respectively.   Principal  conclusions 
obtained  with  the  above  systems  and  proposals  for  further  work  are  presented 
in  the  individual  project  reports  which  follow. 
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Currently,  a  major  exploratory  study,  with  contributions  by  all  members  of 
the  Section,  has  been  concerned  with  the  biochemical  basis  of  melphalan 
resistance  in  L1210  tumor  cells  and  the  development  of  approaches  toward 
its  reduction. 

Publication: 

Rabinovitz,  M. ,  Uehara,  Y.  and  Vistica,  D. :   Differential  competition  with 
cytotoxic  agents,  an  approach  to  selectivity  in  cancer  chemotherapy. 
Science  206:   1085-1087,  1979. 
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Project  Description: 


This  project  is  concerned  with  development  of  techniques  for  the  analysis 
of  drug  effects  on  the  progress  of  cells  through  the  proliferative  cell 
cycle  and  their  application  to  (a)  the  characterization  of  therapeutically 
active  drugs  and  (b)  the  identification  and  possible  action  of  agents  with 
potential  therapeutic  activity.   The  major  methods  employed  are  (a) 
mammalian  cell  culture  (L1210  murine  leukemia  in  suspension) ,  (b)  flow  micro- 
fluorometric  (FMF)  determination  of  cell  DNA  content  using  hypotonic  citrate/ 
propidium  iodide  stained  nuclei  in  a  Cytofluorograf  (Bio/Physics  System;  Model 
4801)  interfaced  with  a  multichannel  pulse  height  analyzer  and  (c)  processing, 
analyzing,  and  plotting  cell  DNA  content  distribution  (DCD)  curves  by 
computer. 

During  the  current  year,  the  following  drugs  were  evaluated:  deoxycoformycin 
(NSC-218321) ,  Yoshi-864  (NSC- 102627) ,  cycloleucine  (NSC- 1026),  nafoxidine 
(NSC- 70735),  aphidicolin  (NSC-234714) ,  and  continuing  studies  with  5-methyl- 
tetrahydrohomofolate  (NSC-139490) . 

A  collaborative  study  with   Dr.    Ted   Breitman   evaluating   the  effects   of   retinoic 
acid   and  hydroxyurea  effects    on  human  promyelocyte   differentiation   iii  vitro 
was    done . 

Additional  studies  were   conducted  with   Dr.    George   Johnson   on   the   effects 
of  a-picolinic   acid    and   analogs    on    the    cell   cycle   effects   using  normal  rat 
kidney   cells    and   SV-40    transformed   cells. 


Major   Findings: 

NSC  Name 

218321  Deoxycoformycin 

102627  Yoshi  864 

1026  Cycloleucine 

70735  Nafoxidine 

234714  Aphidicolin 


ID   (yg/ml)  DCD  Effect 

-1.2''-  N.A. 

10  N.A. 

1  N.A. 

8.4  N.A. 

0.33  transient  G-l/S  block 

slow  traverse  thru  S  phase 


"mg/ml 

Deoxycoformycin  was    relatively   non-cy totoxic  per  se  but  potentiated    the    cyto- 
toxicity  of   6-chloropurine   riboside.      It  did  not  potentiate   6-chloropurine . 
The   DCD   curves    for   the   other   listed   drugs   have  not  been  evaluated   as   yet. 
Aphidicolin  was    reported   in   the   literature    to  be    a   cell  synchrony   agent  using 
HeLaS2   cells  with  blockage   occurring   at   the   Gj^/S   interface.      It   also   is 
reported   to   not   inhibit   a  number  of    the   enzymes    that  HU   and  TdR   (other 
synchronizing   agents)    do  inhibit.      However,    in  L1210   tissue   culture    there 
was    only   a   transient  block  at   the  G]^/S    interface  with   subsequent   escape,    slow 
passage    thru   S   phase    followed  by   cell   death . 
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A  toxicologic  study  in  non-tumor  bearing  mice  was  conducted  with  combinations 
of  5-methyltetrahydrohomofolate  (THHF)  in  combination  with  leucovorin  and 
probenecid  at  doses  reported  to  be  therapeutically  active.   THHF  (3200  mg/kg) 
alone  was  partially  toxic;   probenecid  (500  mg/kg)  alone  produced  initial 
lethargy  (-12  hours)  but  all  mice  survived.   Leucovorin  (500  mg/kg)  was 
non-toxic.   Combination  of  THHF  and  probenecid  were  100%  toxic  in  3  hours. 
Combination  of  THHF  and  leucovorin  gave  80%  survival. 

In  a  therapeutic  study,  male  CDFj^  mice  inoculated  with  L1210  on  day  0,  were 
treated  with  THHF,  (1600  mg/kg),  leucovorin  (750  mg/kg),  probenecid  (250 
mg/kg)  alone  and  in  combination.   There  was  no  acute  toxicity  seen  with 
these  doses.   However,  there  also  were  no  increased  ILS  for  THHF  alone  or 
in  combination  with  leucovorin  or  probenecid. 

A  radiolabeled  uptake  study  with  THHF  in  the  absence  or  presence  of  leucovorin 
revealed  that  the  cytotoxic  potentiation  by  leucovorin  is  not  due  to  an 
increase  in  the  transport  rate  of  the  drug.   In  fact,  there  is  -25%  inhibition 
of  transport  at  the  maximal  concentration  of  leucovorin. 

Publications : 

Kempner,  E.S.  and  Dion,  R.L.:   Absolute  DNA  determinations  by  flow  micro- 
fluorometry.  J.  Protozool.  26:   630-631,  1979. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Melphalan  cytotoxicity    to  murine   L1210    leukemia   cells    is   dependent  upon 
uptake  via   two  amino   acid   transport  systems.      Murine  bone  marrow  progenitor 
cells    lack   one   of   the   two   amino   acid    transport   systems   present   in  murine 
L1210    leukemia  cells .      Specifically ,    this   sensitive  host   tissue   lacks    the 
high-affinity,    leucine-pref erring  system  which    is   sensitive    to   2-amino- 
bicyclo[2,2,l]heptane-2-carboxylic  acid.      Examination  of  ability   of   cyclic 
amino   acids    to  block  melphalan  cytotoxicity  which   is  mediated    through    the 
tumor  specific   transport  system  indicated   that   tricyclic  >  bicyclic   > 
monocyclic  and  suggests    that  synthesis    of  bis (chloroethyl) amino  derivatives 
of   tricyclic   amino   acids   may   result   in  antitumor   agents   which   exhibit   less 
myelosuppression  due   to   their  uptake  by   a   tumor-specific   amino   acid    transport 
system.      The  basic   amino   acids   increase    intracellular   levels    of  melphalan 
by   antagonizing   the    increase   in  melphalan  efflux  provided  by    leucine.      The 
increase   in  intracellular  melphalan  provided  by    the  basic  amino   acids    occurred 
solely   through    the   monovalent   cation-dependent   transport   system  and   not   through 
system  L. 
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Objectives : 

This  project  is  designed  to  evaluate  the  structural  requirements  of  new 
nitrogen  mustards  with  a-amino  acid  carriers  which  would  determine  their 
transport  by  System  L  of  tumor  cells,  to  characterize  a  transport  system 
which  mediates  50%  of  melphalan  uptake  into  tumor  cells  and  to  determine  the 
mechanism  and  carrier  specificity  by  which  the  basic  amino  acids  increase 
intracellular  melphalan  in  the  presence  of  leucine. 

Methods  Employed: 

A.  Cytotoxicity   Studies 

Cells  are  exposed  to  melphalan  and  potential  competitors  in  appropriate 
medium  for  35  minutes .   Cytotoxicity  is  determined  by  clonal  growth  of 
surviving  cells  in  soft  nutrient-agar . 

B.  Cellular  Transport  Studies 

Cells  are  removed  from  growth  medium  and  incubated  in  Dulbecco's  phosphate 
buffered  saline  containing  bovine  serum  albumin  and  glucose  with  the  res- 
pective radiolabeled  substrate  and  potential  competitor.   After  appropriate 
times ,  aliquots  of  the  cell  suspension  are  layered  over  Versilube  F-50 
silicone  oil  and  centrifuged  at  12,000  x  g  for  one  minute  in  an  Eppendorf 
microcentrifuge  to  pellet  the  cells.   Transport  of  the  radiolabeled  sub- 
strate is  measured  by  liquid  scintillation  spectrometry. 

Major  Findings: 

A.   A  New  Monovalent  Cation-Dependent  Transport  System  in  Murine  L1210 
Leukemia  Cells 

Melphalan  (L-phenylalanine  mustard)  is  transported  into  murine  L1210  leukemia 
cells  by  two  amino  acid  transport  systems.   Transport  by  one  system  is 
reduced  to  a  limiting  maximum  value  of  50%  by  2-aminobicyclo[2, 25l]heptane- 
2-carboxylic  acid,  a  synthetic  bicyclic  amino  acid  which  is  transported 
exclusively  by  the  classical  System  L,  which  mediates  the  uptake  of  branched 
chain  and  aromatic  amino  acids .   Characterization  of  the  second  amino  acid 
transport  system  responsible  for  melphalan  uptake  was  undertaken  since  it 
possessed  properties  which  did  not  correspond  to  any  previously  reported. 
This  system  exhibited  its  highest  affinity  for  the  branched  chain  amino  acid 
leucine  (Kjjj  =  5-10  \M)   while  the  affinity  of  the  system  for  melphalan  was 
lower  (Kj^  =  20-25  \M)  .      Other  amino  acids,  notably  phenylalanine,  alanine 
and  serine  are  also  transported  by  this  system  in  the  murine  L1210  leukemia 
cell.   This  transport  system  differs  from  previously  described  ion  dependent 
systems  in  its  tolerance  of  substitution  of  lithium  or  potassium  ions  for 
sodium  ions  and  in  its  high  affinity  for  branched  chained  aliphatic  and 
aromatic  amino  acids . 
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B.      Murine   Bone  Marrow  Progenitor   Cells   Lack   System  L 


Studies  were  undertaken   to  determine   if  melphalan   cytotoxicity    to  bone-marrow 
progenitor   cells    of   the  white    cell  series    is   mediated  by   the  same   two   amino 
acid   transport   systems    responsible    for  melphalan   transport   into  murine   L1210 
leukemia   cells  .      Melphalan  cytotoxicity    to  bone  marrow  progenitor   cells  was 
not  blocked  by    2-aminobicyclo[2,2 ,l]heptane-2-carboxylic  acid    (BCH) ,    the 
System  L  specific  substrate.      This    cell   type    therefore   lacks    System  L,    one 
of   the    two   transport   carriers    responsible    to  melphalan  uptake   into    tumor 
cells.      This    observation  became   the  basis    for  studies    of  structure-activity 
relationships   with    the  use   of  several  cyclic   amino   acids  .      The  monocyclic 
amino   acids,    1-aminocyclopentane-l-carboxylic   acid,    1-aminocyclohexane- 
1-carboxylic   acid   and   1-aminocycloheptane-l-carboxylic  acid   and   the    tricyclic 
amino  acid,    2-aminoadamantane-2-carboxylic   acid  were   unable   to  block  melphalan 
cytotoxicity    to  bone   marrow  progenitor   cells.      Therefore,    the   ability   of   these 
cyclic  amino   acids    to   reduce   BCH   transport   and    to  block  melphalan   cytotoxicity 
to  L1210    cells   was    examined.      BCH    transport  was    competitively   inhibited  by   all 
three   monocyclic   amino   acids   and  by    2-aminoadamantane-2-carboxylic  acid. 
The    latter   amino   acid  was    the   most   effective   of   those   tested   in  blocking   BCH 
transport  by   L1210   cells    as    evidenced  by    a  K^   of   15   \M,    a  value   closely 
approximating   the   BCH  K^  of    10    yM.      These   results    indicate    that   2-amino- 
adamantane-2-carboxylic   acid   is    transported  via   System  L   into  murine   L1210 
leukemia   cells ,    and   suggest    that   a  mustard   derivative   of   2-aminoadamantane- 
2-carboxylic   acid   may   be    cytotoxic    to   L1210    tumor   cells  but   less   myelo- 
suppressive   due    to   its    failure    to  be   actively    transported  by  bone   marrow 
progenitor   cells . 

C.      Basic  Amino   Acids    Antagonize    the   Acceleration   in  Melphalan  Efflux 
Provided  by    Leucine 

Basic   amino   acids    increase    intracellular   levels    of   melphalan  only    in   the 
presence   of   leucine.      Investigation   into   the   carrier  specificity   and 
mechanism  by  which    this    occurs    indicated   that   the   increase   in  intracellular 
melphalan  provided  by   a-amino-y-guanidinobutyric   acid,    the   lower  homolog  of 
arginine,    is   mediated  solely    through    the  BCH-insensitive,   monovalent  cation- 
dependent,    amino   acid    transport  system.      Leucine  was    found   to   accelerate 
melphalan  efflux   from  murine  L1210    leukemia  cells    and   the   arginine  homolog 
antagonized    this    effect.      These   studies    indicated    that   a  major  portion  of 
drug  efflux  occurs    via   a  pathway   not   inhibitable   by    amino   acids. 

Proposed    Course: 

The   synthesis    of   adamantane,    2-amino-2-carboxy lie   acid-5  bis [2-chloroethyl]- 
amino,    is   being   undertaken    to    take    advantage    of    the    qualitative   difference 
observed   in   the    transport   systems   of  murine   L1210    leukemia   cells    and  murine 
bone   marrow  progenitor   cells .      The    therapeutic   efficacy   of    this    compound  will 
be   evaluated   in  selected   tumor  systems    and   its   myelosuppressive  activity 
compared  with    that   of  melphalan  both   in  vitro   and  ^i  vivo. 


464 


ZOl  CM  07104-05   LMCB 

Publications 

Vistica,  D.T.,  Rabon,  A.  and  Rablnovitz,  M.:   Cytotoxicities  of  the  L  and 
D  Isomers  of  phenylalanine  mustard  in  L1210  cells.   Biochem.  Pharmacol. 
28:   3221-3225,  1979. 

Vistica,  D.T. ,  Rabon,  A.  and  Rablnovitz,  M. :   Effect  of  L-a-amino-Y-guanidino- 
butyric  acid  on  melphalan  therapy  of  the  L1210  murine  leukemia.   Cancer 
Letters  6:   345-350,  1979. 

Vistica,  D.T.  and  Schuette,  B.P.:   Substrate  specificity  of  a  high-affinity 
monovalent  cation-dependent  amino  acid  carrier.   Biochem.  Biophys .  Res. 
Commun.  90  (1):   247-252,  1979. 

Vistica,  D.T.:   Studies  on  the  relationship  between  melphalan  transport  and 
cytotoxicity.   Cancer  Treatment  Reviews  6:   51-52,  1979. 

Vistica,  D.T.  and  Schuette,  B.P.:   Carrier  mechanism  and  specificity 
accounting  for  the  increase  of  intracellular  melphalan  by  the  basic  amino 
acids  .   Molecular  Pharmacology,  in  press  . 

Vistica,  D.T.:   Cytotoxicity  as  an  indicator  for  transport  mechanism: 
Evidence  that  murine  bone  marrow  progenitor  cells  lack  a  high-affinity 
leucine  carrier  which  transports  melphalan  in  murine  L1210  leukemia  cells  . 
Blood,  in  press  . 


465 


SMITHSONIAN  SCIENCE  INFORMATION  EXCHANGi 
PROJECT  NUMBER  (Do  NOT  use  this  space) 


U.S.  DEPARTMENT  OF        i  PROJECT  liUf-' 
HEALTH,  EDUCATION,  AND  WELFARE  \ 
PUBLIC  HEALTH  SERVICE 
NOTICE  OF 
INTRAMURAL  RESEARCH  PROJECT 


ZOl  CM  07114-02   LMCB 


PERIOD  COVERED 


October   1,    1979   to  September  30,    1980 


TITLE  OF    PROJECT   (80  characters   or  less) 
Carrier  Mediated   Transport  of  Nucleosides    in  Differential   Cytotoxicity    &  Therapy 


NAMES,  LABORATORY  AND  INSTITUTE  AFFILIATIONS,  AND  TITLES  OF  PRINCIPAL  INVESTIGATORS  AND  ALL  OTHER 
PROFESSIONAL  PERSONNEL  ENGAGED  ON  THE  PROJECT 


PI:   Yoshimasa  Uehara,  Ph.D.       Visiting  Fellow 
Other:   Marco  Rabinovitz,  Ph.D.       Head,  MBMDS 


LMCB      NCI 
LMCB      NCI 


COOPERATING  UNITS  (if  any) 


lab/branch 

Laboratory   of  Medicinal   Chemistry   and  Biology 


SECTION 

Molecular  Biology  and  Methods  Development  Section 


INSTITUTE  AND  LOCATION 

NCI,   NIH,    Bethesda,   Maryland   20205 


TOTAL  MANYEARS: 


1.2 


PROFESSIONAL: 


1.2 


CHECK  APPROPRIATE  BOX(ES) 
D  (a)   HUMAN  SUBJECTS 

n  (al)  MINORS   n  (a2)  INTERVIEWS 


D  (b)  HUMAN  TISSUES 


(c)  NEITHER 


SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

The   C-nucleoside  antibiotic,    showdomycin,    reacted   rapidly  with  proteins    of 
the   L1210   leukemia,    causing  extensive  plasma  membrane   damage   and   cell   lysis. 
Both   the   extent  of   reaction  with  protein  and   cell  damage  were   retarded  by 
a  reversible   inhibitor  of  nucleoside   transport,    6-[ (2-hydroxy-5-nitrobenzyl)- 
thio]purine-9-B-D-ribofuranoside9    indicating   that   cell  plasma  membrane  damage 
was   directed   only    from  the   cytoplasmic  side.      Showdoraycin  irreversibly 
inhibited   the   nucleoside   transport  carrier. 
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Objectives : 

Although  nucleoside  metabolism  and  nucleoside  antimetabolites  figure  promi- 
nently in  cancer  chemotherapy,  the  possible  role  of  nucleoside  transport  in 
differential  cytotoxicity  has  not  been  investigated.   Our  objective  is  to 
evaluate  possible  differences  between  the  nucleoside  transport  system  of 
tumors  and  normal  renewal  systems  such  as  bone  marrow  progenitor  cells  in 
order  to  increase  chemotherapeutic  specificity . 

Methods  Employed: 

Cells  are  exposed  to  cytotoxic  and  protective  agents  in  appropriate  medium 
for  various  times.   The  surviving  fraction  of  cells  is  then  determined  by 
clonal  growth  in  soft  nutrient-agar.   For  transport  studies,  cells  are 
removed  from  growth  medium  and  incubated  in  Dulbecco's  phosphate  buffered 
saline  containing  bovine  serum  albumin,  glucose  and  isotopically  labeled 
compound.   After  appropriate  exposure  times,  the  distribution  of  the  labeled 
compound  is  determined  by  liquid  scintillation  spectrometry.   Synthesis  of 
appropriate  analogs  is  performed  and  purity  of  products  evaluated  by  thin 
layer  chromatography. 

Major  Findings: 

Transport  Dependent  Membrane  Damage  and  the  Irreversible  Inactivation  of 
Nucleoside  Transport  by  Showdomycln 

The  initial  rate  and  maximal  level  of  uptake  of  the  nucleoside  antibiotic, 
showdomycln,  by  L1210  cells  were  concentration  dependent.   These  were 
inhibited  by  both  adenosine  and  6-[ (2-hydroxy-5-nitrobenzyl) thio]purine-9- 
3-D-ribof uranoside  (HNBMPR) ,  a  potent,  specific  nucleoside  transport 
inhibitor.   When  showdomycln  accumulation  reached  1  to  2  nmoles/10"  cells, 
its  association  with  the  cells  decreased  rapidly  and  acid-insoluble  material 
containing  reacted  antibiotic  was  released.   Under  these  conditions,  severe 
plasma  membrane  damage  was  observed  as  indicated  by  extensive  cell  lysis 
and  trypan  blue  staining.   This  membrane  damage  was  inhibited  by  HNBMPR, 
indicating  that  the  attack  on  membrane  constituents  was  either  at  the  site 
of  nucleoside  transport  or  took  place  from  the  cytoplasmic  side.   Treatment 
of  cells  with  showdomycln  reduced  both  its  own  uptake  as  well  as  that  of 
adenosine  and  nitrobenzylthloinosine ,  indicating  inactivation  of  the  nucleo- 
side transport  carrier.   Such  irreversible  loss  of  carrier  transport  may 
be  in  part  related  to  the  membrane  damage  produced  by  the  antibiotic. 

Proposed  Course: 

Since  a  principal  determinant  for  continuation  studies  is  a  successful 
in  vivo  application  of  biochemical  observations,  and  these  have  not  been 
observed  (see  last  year's  report),  this  project  will  not  be  continued  after 
Dr.  Uehara  completes  his  stay  as  a  Visiting  Fellow. 
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Publication: 

Uehara,  Y.,  Fisher,  J.M.  and  Rabinovitz,  M. :   Showdomycin  and  its  reactive 
moiety,  raaleimide:   A  comparison  in  selective  toxicity  and  mechanism  of 
action  in  vitro .   Biochem.  Pharmacol. ,  in  press  . 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Studies   were   centered   on  biological   evaluation  of   tertiary   and  quaternary 
amines  which    could  be    considered   congeners    of   choline.      These  were    tested 
in  vitro   as   potential   inhibitors    of   choline    transport   and  mechlorethamine 
cytotoxicity   in    the   L1210    and  bone  marrow  progenitor  cell  system.      The 
bis-quaternary,    Cain's    Quinolinium    (NSC   176319)   was    a  potent   inhibitor  of 
i  HN2   and   choline   uptake.      In   the  presence   of  HN2,    the   combined   in  vivo 
j'^icities    could  be   reduced    for   improvement   in   therapy   of   the   L1210   murine 
leukemia. 
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Objective: 


Mechlorethamine,  known  as  nitrogen  mustard  or  HN2»  is  a  bifunctional 
alkylating  agent  which  enters  cells  via  the  choline  carrier.   Reports  in 
the  literature  indicate  that  ratios  of  choline  to  HN2  of  30:1  do  not 
protect  against  HN2  host  toxicity  and  that  higher  concentrations  of  choline 
are  themselves  toxic.   Since  its  use  in  man  is  limited  by  bone  marrow  and 
gastrointestinal  toxicity,  we  have  investigated  the  ability  of  choline, 
its  congeners,  and  inhibitors  of  choline  uptake  on  mechlorethamine  cyto- 
toxicity to  murine  L1210  leukemia  cells  and  to  progenitor  cells  of  the 
hemopoietic  system  as  part  of  a  general  plan  to  limit  its  bone  marrow 
toxicity . 

Methods  Employed: 

The  cells  are  exposed  to  HN2  or  other  cytotoxic  agents  in  appropriate 
medium  containing  protective  agents  for  a  period  of  20  minutes.   Survival 
of  the  cells  was  determined  by  growth  in  liquid  medium  or  clonal  growth, 
in  soft  nutrient-agar.   Transport  studies  were  performed  in  Dulbecco's 
phosphate  balanced  solution  containing  bovine  serum  albumin,  glucose  and 
the  isotopically  labeled  compound  without  or  with  its  competitor.   After 
appropriate  exposure  times ,  aliquots  of  the  cell-medium  mixture  were  layered 
over  silicone  oil  and  centrifuged  to  remove  cells  from  medium  containing 
the  isotopically  labeled  compound.   The  centrifuge  tip  was  cut  off  and  the 
pellet  of  cells  placed  into  scintillation  liquid  and  counted.   Where  appro- 
priate, the  purity  of  the  compounds  used  was  determined  by  thin  layer 
chromatography.   Activity  of  compounds  of  interest  was  evaluated  by  survival 
of  L1210  tumor-bearing  mice. 

Major  Findings: 

1.  Protection  by  Tertiary  Amines .   The  best  protector  in  this  group  of 
compounds  tested  in  vitro  was  dime thy laminoethanol  (DMAE) .   Transport  studies 
confirmed  the  structural  requirements  defined  by  cytotoxicity  in  vitro. 

DMAE  given  i.p.  to  toxicity  could  achieve  a  100:1  molar  ratio  of  protector 
to  HN2,  however,  there  was  no  improvement  in  survival  beyond  use  of  HN2 
alone.   An  interesting  observation  was  that  DMAE  readily  detoxifies  HN2, 
thus  requiring  the  separation  of  i.p.  injections  of  DMAE  and  HN2  to  ensure 
HN2  activity. 

2,  Protection  by  Monoqua ternary  Ammonium  Ions .   The  best  protector  in  the 
series  of  aliphatic  monoqua ternary  ammonium  compounds  from  in  vitro 
experiments  was  tetraamylammonium  ion  (TAA) .   TAA  was  the  best  inhibitor 
of  choline  transport  in  its  homologous  series  .   This  observation  was 
evaluated  in  vivo  at  tolerated  doses.   At  a  molar  ratio  of  10:1,  the 
TAA:HN2  combination  increased  the  survival  of  L1210  tumor-bearing  mice  from 
153%  by  HN2  alone  to  176%.   TAA  is  a  stable  quaternary  ion  and  does  not 
react  with  HN2. 
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3.  Protection  by   Heterocyclic   Tertiary   Amines.      Transport   studies    indicated 
that  N-hydroxyethylpyrrolidine  was    an  excellent   inhibitor   of   choline   uptake 
and   in  vitro  protected   L1210    cells    against  HN2   cytotoxicity.      Attempts    at 

in  vivo  use   of  N-hydroxyethylpyrrolidine  were  unsuccessful  because   of 
marked   cholinergic    toxicity    to   the   tumor-bearing  animals . 

4.  Protection  by   Bistertiary   Amine    and  Bisquaternary   Ammonium  Compounds. 
Previously   it  was   determined    that  hemicholinium-3    (HC-3) ,    decamethonium, 
and   1, 1'-dihepty 1-4, 4'-bispyridinium  were   good  protectors    against  HN2 
cytotoxicity    in  the    L1210    in  vitro   assay.      The  bistertiary    amines    and   short 
chain  bisquaternary    compounds    such   as   hexamethonium  were  poor  protectors 
against  HN2   cytotoxicity    to  bone   marrow   and  L1210    cells.      Transport  studies 
were   in  general   agreement  with   in  vitro   cytotoxicity   studies,   with    the   ex- 
ception  that  hexamethonium  was    a  good   inhibitor   of   choline   uptake.      HC-3  was 
the  best   inhibitor   of   choline  uptake.      None   of   the   potent   inhibitors    of 
choline   uptake   could  be   used   in  vivo  because   of   their  neuromuscular  blocking 
activity.      The   compound  bis(dihydroxyethylamine) tetramethylene,    a  hydrolyzed 
product  of  a   tetrabis   mustard  which   specifically    alkylates    the   choline 
carrier,   was    not  used   in  vivo  because   it  was    found   to  be   a  poor   inhibitor 

of   choline   uptake.      Continued   evaluation  of  bisquaternary    ammonium  compounds 
revealed   that   Cain's    Quinolinium,    NSC   176319,  was    a  better   inhibitor   of 
choline   uptake   than  HC-3   and   to  have   a  lower  K^,  and  K^    than   choline    for 
the   choline   carrier.      HN2   did  not   inhibit    Cain's   Quinolinium  uptake   at 
1000:1  ratio,    and  Cain's    Quinolinium  minimally  blocked  HN2   uptake   at   1:1 
ratio.      The   Cain's    Quinolinium  was    cytotoxic   to   L1210    cells    and  progenitor 
hematopoietic   cells    at   concentrations    greater   than   10   ]M.      At   a  dose   of 
5   ymoles/kg,    it   causes    delayed  mortality   after   45   days.      Molar   ratios    of 
Cain's   Quinolinium: HN2   of   4   to   5    reduced    late   deaths   by   permitting  use   of 
lower  doses   of   Cain's    Quinolinium    (>1.5  mg/kg  and    <3.0   mg/kg   i.p.). 

5.  Protection  by  Natural   Occurring  Nutrients.      In  addition   to   choline, 
acetylcholine   and    thiamine   are   good  protectors    of  HN2   cytotoxicity. 
Carnitine   is   a  poor  protector.      Thiamine  was    found    to  be   a   good   inhibitor 
of   choline  uptake  but   can  also   detoxify   HN2. 

6.  Cytotoxicity   of  Agents  with    Centers    of  Unequal   Alkylating  Activity. 

The   structures    of    these   agents    resemble  bifunctional   alkylating   agents  with 
the   substitution  of   one    2-chloroethyl   group  by   a   3-chloropropyl   group. 
The    two   agents    that  were   studied   are    2-chloroethyl-3-chloropropylmethylamine 
and   l-(2-chloroethyl)-4-(3-chloropropyl)piperazine .      Bone   marrow  progenitor 
cells  were  more   sensitive    to   these   agents    in  vitro    than  L1210    cells,   however, 
the   principal   in  vivo    toxicity   appears    to  be   paralysis.      Transport   studies 
indicated   that    these   agents    are   not   competitive   inhibitors    of   choline   uptake. 
However,    the  hydrolyzed   product   of   2-chloroethyl-3-chloropropylmethylamine 
was    a   good   inhibitor   of   choline   uptake   at   a   200:1  molar   ratio.      Studies 
in  tumor-bearing  mice   indicated   that   the  maximum  T/C   achieved  with    2-chloro- 
ethyl-3-chloropropylmethylamine  was    175%   and  with    1- ( 2-chloroethyl) -4- 
(3-chloropropyl)piperazine  was    167%.      Such   values    are    comparable    to    treatment 
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with  mechlorethamine .      These   observations    indicate    that  such   agents    are   of 
interest    from  both   a  practical  viewpoint   and   from  the    theoretical   concept 
of  mechanism,    since    the    3-chloropropyl  moiety   should  not  be   reactive   in 
cross- linking. 

7.  Cytotoxicity   by   Monomustards .      In  vitro    testing  of  monomustards  with 
structure-activity    relationships    to   choline   and   its    congeners   showed    that   di- 
n-butylaminoethylchloride  was   most  potent  whereas    dimethylaminoethylchloride 
was   not   cytotoxic   at    1  m>L      The   bone   marrow  progenitor  cells  were  pro- 
portionately  more  sensitive    to    the    cytotoxic   actions    of   the  monomustards. 
Transport  studies    showed    that   cytotoxicity   and   competition  with   choline 

for   the   choline   carrier  were   inversely    related.      The   most  potent   cytotoxic 
agent,    di-n-butylaminoethylchloride  was    an  ineffective    competitor   of   choline 
uptake.      The  monomustard   methyl-n-butylaminoethylchloride  was    ineffective 
in  tumor-bearing  mice,    toxicity    to   the   nervous    system  being  dose    limiting. 

8.  Cytotoxicity  by   Ethanol  Mustard.      Ethanol  mustard   is    an   analog  of  HN3, 
one   arm  of   the    trifunctional   nitrogen  mustard  being  a  hydroxyethyl  branch. 
This    agent  was    found    to  be    1/10   as    cytotoxic   as   HN2   on   a  molar  basis    to 
bone  marrow  progenitor    cells    and   L1210    cells.      The  best  protector   against 
ethanol  mustard   cytotoxicity  was   dibutylaminoethanol,   whereas    choline 

was   a  poor  protector.      Both   di-n-butylaminoethanol  and   ethanol  mustard 
were   poor   inhibitors    of   choline   uptake. 

Proposed   Course: 

Further   investigations    on  the   mode   of   action  of  bifunctional  mustard   analogs 
with   arms    of  unequal   activity   will  be   carried   out.      Routes    for  synthesis    of 
analogs  bearing  other   carrier   groups    and  different  halogens    on   their 
respective  unequal   arms   will  be   offered    for  preparation. 
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Objectives : 

The  development  of  resistance  to  alkylating  agents  during  cancer  chernotherapy 
is  a  principal  factor  in  their  limitation  as  therapeutic  agents.   We  have 
initiated  a  multidisciplinary  approach  to  explore  the  mechanism  of  resistance 
to  a  clinically  useful  alkylating  agent,  melphalan,  in  an  attempt  to  deter- 
mine the  biochemical  mechanism  of  resistance  and  develop  regimens  to  overcome 
or  reduce  it. 

Methods  Employed: 

Growth  parameters  of  primary  cultures  of  ±n   vivo  lines  of  melphalan  sensitive 
and  resistant  L1210  leukemia  cells  have  been  established  and  the  cells' 
chromosome  complement  was  determined  by  standard  cytogenetic  techniques. 
Radiochemical  analytical  techniques,  including  thin  layer  chromatography  and 
gel  filtration  for  identification  of  possible  melphalan  metabolites  have  been 
developed  and  histochemical  and  enzymatic  analytical  techniques  for  deter- 
mination of  cellular  components  and  metabolic  pathways  have  been  adapted  to 
our  requirements . 

Major  Findings: 

Resistant  cells  in  primary  culture  had  a  complement  of  40  chromosomes  while 
the  sensitive  strain  had  a  mode  of  41  chromosomes.   They  required  4  to  5 
times  the  concentration  of  melphalan  in  vitro  to  inhibit  growth  as  did 
sensitive  cells  .   No  difference  in  melphalan  uptake  was  found  at  concen- 
trations which  blocked  the  growth  of  sensitive  but  not  resistant  cells. 

The  availability  of  the  two  types  of  cells  in  primary  culture  permits  the 
evaluation  of  differential  cytotoxicity  to  a  variety  of  agents  which  can 
serve  as  biochemical  probes.   For  example,  the  resistant  line  was  also 
resistant  to  maleimide  and  high  concentrations  of  mercaptoethanol.   At 
concentrations  of  maleimide  which  caused  only  15  percent  inhibition  of 
growth  during  a  48  hr  period,  the  resistance  to  melphalan  was  greatly 
reduced.   This  observation  with  a  sulfhydryl  reagent  is  consistent  with 
our  finding  that  the  glutathione  content  of  the  resistant  cells  was  2  to  3 
times  that  of  sensitive  cells.   Such  increases  of  the  glutathione  content 
of  cells  resistant  to  alkylating  agents  is  well  established  in  the  litera- 
ture.  However,  both  cell  types  were  equally  sensitive  to  the  sulfhydryl 
reagents  iodoacetamide  and  iodoacetic  acid  and  to  the  classical  substrates 
of  the  detoxifying  enzyme,  glutathione  transferase,  p-nitrobenzyl  chloride 
and  l-chloro-2,4-dinitrobenzene .   No  evidence  of  glutathione  adducts  with 
labeled  melphalan  could  be  found.   These  observations  reduce  the  likelihood 
that  resistance  is  due  to  either  reduced  uptake  or  increased  detoxifi- 
cation via  the  glutathione  transferase  system.   Attempts  to  interfere  with 
the  glutathione  status  of  resistant  cells  in  vivo  by  reducing  metabolism 
via  the  pentose  phosphate  pathway  with  6-aminonicotinamide  increased 
survival  of  animals  bearing  resistant  tumor  by  only  one  to  two  days. 
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Resistant   cells  hydrolyze   more  melphalan   to   the   Inactive  hydroxyethyl 
derivative.      Such  hydrolytic   activity  was    reduced  with  N-ethyl  maleimide. 
Subcellular  distribution  studies   indicated    that  sensitive   cells   bound  more 
labeled  melphalan   to  both    cytoplasmic   and   nuclear   components. 

Proposed   Course; 

Exploratory   studies  will  be   continued   until   an  understandable  biochemical 
pattern  which   determines    resistance   is    found. 

Publication: 

Schuette,    B.P.,    Rabinovitz,    M.    and  Vistica,    D.T.:      A  comparative    cytogenetic 
study   of  melphalan-sensitive   and   -resistant  murine   L1210    leukemia   cells. 
Cancer  Lett.    8:       335-341,    1980. 
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Melphalan  uptake  by  ovarian  carcinoma  cells  isolated  from  patients  with 
clinically  documented  disease  was  reduced  7-fold  by  incubation  of  cells  with 
radiolabeled  drug  in  the  ascitic  fluid  when  compared  to  incubation  of  cells 
in  a  balanced  salt  solution  containing  albumin  and  glucose.   Automated  amino 
acid  analysis  of  ascitic  fluid  indicated  that  it  contained  physiological 
concentrations  of  a  number  of  amino  acids,  notably  leucine  (100-150  \M)    and 
L-glutamine  (500-600  uM) ,  which  reduce  melphalan  uptake  by  ovarian  carcinoma 
cells  to  levels  obtained  with  ascitic  fluid.   Cytotoxicity  evaluations  were 
in  agreement  with  transport  data. 
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Objectives : 

This  pi'oject  was  initiated  to  determine  whether  the  ascitic  fluid  of 
patients  with  clinically  documented  ovarian  carcinoma  contained  amino  acids 
in  sufficient  concentration  to  inhibit  the  uptake  of  melphalan  and  reduce 
its  cytotoxicity  to  human  ovarian  stem  cells. 

Methods  Employed: 

A.  Preparation  of  Ascitic  Fluid  for  Amino  Acid  Analysis.   Peritoneal  fluid 
was  removed  by  paracentesis  and  immediately  placed  on  ice.   The  pH  of  the 
fluid  was  7.4.   All  subsequent  processing  of  the  fluid  was  performed  at  4°C. 
It  was  centrifuged  at  300  x  g  for  10  minutes  to  remove  cells,  at  800  x  g 
for  10  minutes  to  remove  nuclei,  at  11,000  x  g  for  15  minutes  to  yield  a 
post-mitochondrial  supernatant,  and  finally  at  100,000  x  g  for  60  minutes 

to  pellet  ribosomal  material.   Six  mis  of  the  post-ribosomal  supernatant 
was  deproteinized  by  addition  of  4  mis  of  10%  (W/V)  sulfosalicylic  acid. 
Tlie  precipitant  was  removed  by  centrifugation  at  11,000  x  g  for  15  minutes, 
the  pH  of  the  supernatant  was  adjusted  to  2.6-2.8  with  lithium  hydroxide, 
filtered  through  0.22  p  filters  and  frozen  at  -20°C.   Amino  acid  analysis 
was  performed  on  a  Beckman  121  M  amino  acid  analyzer  using  lithium  citrate 
buffers  (pH  2.83,  0.2  N,  pH  3.70,  0.2  N,  pH  3.75,  1.0  N) . 

B.  Melphalan  Uptake  Studies.   Ascitic  fluid,  containing  human  ovarian 
carcinoma  cells,  was  centrifuged  at  60  x  g  for  5  minutes  to  remove  red  blood 
cells.   The  resulting  cell  suspension,  which  contained  approximately  90% 
ovarian  cells ,  was  either  resuspended  in  cell-free  peritoneal  fluid  or  in 
Dulbecco's  phosphate-buffered  saline  containing  0.1  mM  bovine  serum  albumin 
and  15  m>I  glucose  (PAG) .   The  cells  were  washed  two  additional  times  in 

the  same  buffer  system  to  remove  any  extracellular  amino  acids.   [   C]- 
Melphalan  was  then  added  to  yield  a  drug  concentration  of  1.5  yM  to  cells  in 
PAG,  ascitic  fluid,  or  with  150  yM  L-leucine  or  500  \M   L-glutamine  in  PAG. 
This  drug  dose  was  chosen  because  it  approximates  the  concentration  of 
melphalan  achievable  in  the  plasma  1-3  hours  following  oral  melphalan 
treatment.   Six-hundred  microliter  aliquots  of  the  respective  cell  suspension 
were  placed  on  a  I.O  ml  cushion  of  silicone  oil  and  the  cells  pelleted  at 
various  times  by  centrifugation  for  1  minute  at  12,000  x  g.   Tips  containing 
the  cell  pellets  were  removed,  the  pellets  were  solubilized  in  0.2  N  NaOH 
for  3  hours  at  37°C,  neutralized  with  acetic  acid  and  counted  on  a  Beckman 
liquid  scintillation  counter. 

C.  Ovarian  Carcinoma  Stem  Cell  Assay.   Human  ovarian  carcinoma  cells,  after 
exposure  to  melphalan  in  appropriate  medium  for  1  hour,  are  washed  in 
enriched  CMRL  1066  culture  medium,  suspended  in  the  same  medium  containing 
0.3%  agar,  and  plated  on  enriched  McCoy's  medium  containing  0.5%  agar. 
Colony  formation  is  determined  after  14-21  days  incubation  at  37°C  in  a 
humidified  atmosphere  containing  7.5%  CO  . 
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Maj  or  Findings : 

A.  Melphalan  uptake  by  Human  Ovarian  Carcinoma  Cells  is  Reduced  by  Amino 
Acids.   Melphalan  uptake  by  human  ovarian  carcinoma  cells  was  reduced  7-fold 
by  incubation  of  cells  with  ascitic  fluid  obtained  from  patients  by  para- 
centesis.  The  ascitic  fluid  contained  physiological  concentrations  of 

a  number  of  amino  acids,  notably  leucine  (100-150  yM)  and  glutamine  (500- 
600  yM)  .   These  two  amino  acids,  when  used  at  concentrations  found  in  the 
ascitic  fluid,  significantly  reduced  melphalan  uptake  to  levels  which 
approximated  that  obtained  with  the  ascitic  fluid. 

B.  Melphalan  Cytotoxicity  to  Human  Ovarian  Carcinoma  Stem  Cells  is  Reduced 
by  Amino  Acids .   The  cytotoxicity  of  melphalan  toward  human  ovarian 
carcinoma  stem  cells  was  considerably  reduced  by  incubation  of  cells  with 
drug  in  RPMI  1630  medium  containing  amino  acids.   These  results  contrasted 
markedly  with  those  obtained  in  an  amino  acid-free  environment  where  a  cell 
kill  of  1  log  could  be  readily  achieved.   These  results,  as  well  as  those 
previously  described  which  demonstrated  a  7-fold  reduction  in  melphalan 
uptake  by  the  amino  acids  in  ascitic  fluid,  indicate  that  peritoneal  lavage 
should  be  employed  to  remove  amino  acids  prior  to  intraperitoneal  melphalan 
administration.   Ovarian  cells  isolated  from  individuals  who  had  received 
chemotherapy  with  alkylating  agents  were  very  resistant  to  melphalan  both 
in  the  presence  and  absence  of  amino  acids  . 

Proposed  Course: 

The  observations  that  amino  acids  reduce  both  melphalan  uptake  by  human 
ovarian  carcinoma  cells  and  cytotoxicity  to  the  ovarian  stem  cell  will  be 
extended  to  further  delineate  those  amino  acids  which  are  responsible  for 
reduced  drug  cytotoxicity.   These  studies  will  be  pursued  as  clinical 
material  becomes  available. 

Publications : 

Vistica,  D.T.,  VonHoff,  D.D.  and  Torain,  B. :   Uptake  of  melphalan  by  human 
ovarian  carcinoma  cells  in  its  relationship  to  the  amino  acid  content  of 
ascitic  fluid.   Cancer  Treat.  Rep.,  in  press. 
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OBJECTIVES: 


The  interaction  between  a  drug  and  tissue  receptors  which  ultimately  produces 
a  pharmacologic  or  toxicologic  response  is  the  product  of  a  large  number  of 
attenuating  factors.   For  example,  the  distribution  of  drugs  within  the  body 
depends  upon  a  balance  between  relative  organ  perfusion,  the  affinity  of  the 
drug  for  binding  sites  within  different  organs,  the  extent  of  binding  of  the 
drug  to  plasma  proteins,  and  the  rate  of  its  excretion  into  the  urine  and 
bile.   Moreover,  the  metabolic  clearance  of  many  drugs  from  the  body  depends 
upon  their  relative  rates  of  biotransformation  to  products  which  are  more 
polar  and  more  rapidly  excreted.   Thus,  absorption,  tissue  distribution, 
binding,  metabolism  and  excretion  tend  to  determine  the  steady-state  plasma 
drug  concentration  under  specified  conditions  and  thus  determine  the  pharm- 
acologic or  toxicologic  response.   Since  alterations  in  these  factors  are 
known  to  either  diminish  or  intensify  biologic  responses,  the  need  to  assess 
these  parameters  quantitatively  is  of  obvious  therapeutic  significance.   Stud- 
ies have  been  continued  in  the  Drug  Interactions  Section  to  investigate  these 
parameters  in  a  variety  of  animal  species  regarding  drugs  and  other  xenobio- 
tics  in  general,  and  oncolytic  agents  in  particular.   A  large  body  of  evi- 
dence has  linked  drug  metabolism  to  drug  disposition  and  the  duration  of  drug 
action.   Only  recently  have  data  accumulated  which  emphasize  the  important 
role  of  drug  metabolism  in  drug-induced  toxicity.   Recent  findings  have 
demonstrated  that  many  relatively  inactive  foreign  chemical  compounds  can  be 
enzymatically  activated  iii  vivo  to  what  might  be  termed  proximate  toxicants. 

Because  of  the  diversity  of  interests  of  members  of  the  Section,  a  large 
variety  of  research  projects  continue  to  be  conducted.   For  organizational 
purposes,  these  projects  may  be  grouped  under  three  general  headings  which 
are  described  in  detail  in  subsequent  pages  of  this  report. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

In  recent  years,  it  has  become  common  practice,  particularly  in  clinical 
oncology,  to  simultaneously  administer  several  drugs  to  patients  for  therapeutic 
purposes.   A  vast  literature,  both  experimental  and  clinical,  has  shown  that 
the  presence  of  one  drug  may  markedly  influence  the  intensity,  duration,  and 
pharmacologic  effects  of  another  drug.   Such  drug  interactions  may  have  a 
variety  of  causes:  they  may  result  from  alterations  in  drug  absorption,  in  the 
binding  of  drugs,  in  tissue  or  to  plasma  proteins,  which  may  directly  or 
indirectly  influence  drug  distribution,  drug  metabolism,  or  drug  clearance  via 
the  bile  or  urine.   Many  drugs  and  other  foreign  chemical  compounds  known 
collectively  as  xenobiotics  are  inactivated  by  enzymes  present  in  liver 
microsomes,  primarily  by  oxidation  and  conjugation.   On  the  other  hand  some 


drugs  and  oncolytic  agents  are  activated  by  these  enzymes.   Our  major  efforts 
are  directed  at  understanding  how  drugs  interact  with  each  other  and  with 
biological  organisms  so  that  human  drug  therapy  can  be  based  on  more  rational 
grounds. 
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Methods  Employed: 

Standard  enzymatic  and  analytical  techniques  have  been  utilized. 

Major  Findings: 

A.    Studies  on  the  Interaction  Between  a-tocopherol  and  Adriamycln  in  vivo. 
Recently,  it  has  been  reported  that  D-a-tocopherol  pretreatment  alters  the 
lethality  of  adriamycln  in  mice,  and  prevents  adriamyc in-induced  cardio- 
myopathy.  We  have  accordingly  investigated  the  effects  of  a-tocopherol 
on  the  pharmacokinetics,  disposition,  metabolism  and  lethality  of  adriamycln 
in  CDF  mice. 

Animals  were  treated  with  either  a-tocopherol,  olive  oil  or  saline,  Ip.  24 
hours  prior  to   C  adriamycln  administration,  15  mg/kg,  also  ip.   a-Tocopherol 
and  olive  oil  caused  similar  alterations  in  blood  and  tissue  levels  of   C- 
adriamycin-derived  radioactivity.   Blood  levels  of  adriamycin-derived  radio- 
activity in  animals  pretreated  with  olive  oil  or  a-tocopherol  were  approx- 
imately twice  those  of  saline  controls  between  3  and  15  min.  after  injection. 
At  30  and  60  min.,  blood  levels  did  not  differ  in  the  three  groups.   At  60 
min.  after  adriamycln  injection,  levels  of  activity  in  liver,  kidney,  lung, 
and  heart  were  significantly  higher  in  the  a-tocopherol  and  olive  oil  groups 
than  in  saline  controls,  thus  reflecting  differences  in  peak  blood  levels. 

Chromatographic  separation  and  quantitation  of  adriamycin  revealed  no  sig- 
nificant differences  in  hepatic  or  cardiac  levels  in  any  group.   However, 
renal  levels  of  adriamycin  and  several  metabolites  were  elevated  in  both 
the  a-tocopherol  and  olive  oil  groups,  and  the  adriamycin  concentration 
was  higher  in  the  lungs  of  animals  in  the  olive  oil  group.   In  general  the 
effects  of  a-tocopherol  and  olive  oil  on  the  metabolism  of  adriamycin  did 
not  differ  from  saline  controls. 

Animals  treated  as  described  above  lost  weight  at  similar  rates  with  max- 
imum losses  (25%)  in  the  survivors  at  7-14  days.   Fourteen  days  after 
adriamycin  treatment  there  was  >50%  mortality  in  both  the  olive  oil  and 
saline  groups,  but  only  5%  mortality  in  the  a-tocopherol  group.   However, 
by  28  days,  30%  of  the  animals  in  the  a-tocopherol  group  were  dead  compared 
to  60%  in  the  other  2  groups,  and  at  60  days,  mortality  was  80±  5%  in 
all  3  groups.   There  were  no  deaths  in  a  group  of  animals  treated  with  a 
single  dose  of  a-tocopherol  alone. 

Thus,  the  efficacy  of  a-tocopherol  against  the  lethal  toxicity  of  adriamycin 
in  mice  is  exceedingly  time-dependent.   Two  weeks  after  adriamycin  injection, 
there  was  a  dramatic  protection  by  a-tocopherol  relative  to  saline  controls 
(50%  mortality  vs  5%)  but  by  9  weeks,  mortality  rates  were  not  different  in 
the  two  groups.   Our  studies  suggest  that  the  major  effect  of  a-tocopherol 
on  the  lethal  toxicity  of  adriamycin  is  to  delay  rather  than  prevent  it. 
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B.  Accumulation  of  Basic  Drugs  by  Lewis  Lung  Carcinoma.   Since  the  Lewis 
lung  carcinoma  (LL)  is  of  pulmonary  origin  we  investigated  the  hypothesis 
that  lipophilic  basic  drugs,  which  are  accumulated  by  the  lung,  may  also  be 
taken  up  by  the  tumor.   At  6,  10,  15  and  20  days  after  implantation  of 
tumor,  groups  of  mice  received   C-imipramine  (10  mg/kg,  ip) .   During  the 
first  few  hours  following  imipramine  administration,  contrary  to  other 
tissues,  the  tumor  showed  an  apparent  absorption  phase  which  was  more  pro- 
nounced in  large  tumors.   The  decay  of  radioactivity  in  plasma,  lung,  liver 
and  kidney  was  similar  in  control  and  tumor-bearing  mice.   However,  after 
reaching  peak  levels,  the  clearance  of  radioactivity  from  the  tumor  de- 
creased with  increasing  size  of  the  tumor. 

The  metabolic  profile  of  imipramine  was  similar  in  the  same  tissues  from 
control  and  tumor-bearing  mice  but  was  different  in  different  tissues. 
In  lung  and  tumor,  55-70%  of  the  total  radioactivity  was  associated  with 
unchanged  imipramine,  whereas  in  the  liver  only  12-16%  was  imipramine, 
the  rest  being  2-hydroxyimipramine  (35-55%)  and  desdimethylimipramine 
(7-14%).   Overall,  the  presence  and  growth  of  LL  tumor  had  little  effect 
on  the  disposition  of  imipramine  in  male  BDF  mice,  but  there  was  evidence 
to  suggest  that  animals  bearing  the  tumor  for  20  days  had  slightly  altered 
metabolism  of  imipramine. 

The  accumulation  of  basic  drugs  was  also  compared  in  mouse  lung  slices  and 
10  day  LL  tumor  slices.   Lung  and  tumor  showed  similar  accumulation  curves 
for  imipramine;  both  tissues  accumulated  serotonin  to  a  similar  degree 
after  2  hrs  incubation  but  the  uptake  by  tumor  was  linear  with  time  while 
that  by  the  lung  exhibited  saturation  kinetics;  accumulation  of  paraquat 
by  lung  was  linear  with  time  but  the  tumor  failed  to  accumulate  the  drug. 
Both  serotonin  and  paraquat  are  actively  accumulated  by  lungs. 

C.  Relative  Pulmonary  Toxicity  and  Antitumor  Effects  of  Two  New  Bleomycin 
Analogues,  Pepleomycin  and  Tallysomycin  A.   The  relative  therapeutic  and 
toxic  effects  of  two  new  analogues  were  compared  with  bleomycin  over  a  range 
of  doses.   Therapeutic  effects  were  determined  in  mice  bearing  Lewis  lung 
carcinoma  and  B16  melanoma.   On  a  miligram  per  kilogram  basis,  tallysomycin 
was  2  to  3  times  as  potent  as  bleomycin  in  inhibiting  the  growth  of  these  two 
experimental  solid  tumors  in  vivo.   However,  tallysomycin  was  also  2  to  3 
times  as  potent  as  bleomycin  in  producing  pulmonary  toxicity.   Lethality  and 
skin  toxicity  were  similarly  increased.   Pepleomycin,  on  the  other  hand,  was 
approximately  equivalent  to  bleomycin  in  antitumor  potency,  but  exhibited 
significantly  less  pulmonary  toxicity.   Despite  this  decreased  lung  toxicity, 
pepleomycin  produced  greater  lethality,  with  50%  and  100%  mortality  at  doses 
which  produced  zero  and  19%  lethality  in  mice  treated  with  bleomycin.   Pep- 
leomycin also  produced  a  peculiar  central  nervous  system  toxicity  characteriz- 
ed by  hyperirritability  and  persistent  gyrating  movements  of  the  animals. 
Thus,  there  are  distinct  quantitative  as  well  as  qualitative  differences  in 
the  therapeutic  and  toxic  properties  of  these  two  analogues  compared  to 
bleomycin. 
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D.  Distribution  of  Adrlamycin  in  Mice  Under  Conditions  of  Local  Hyper- 
thermia Which  Improve  Systemic  Drug  Therapy.   Local  tumor  hyperthermia  (LTH) , 
enhanced  the  effectiveness  of  systemically  administered  adrlamycin  (10 
mg/kg  i.v.)  against  the  mouse  mammary  16/C  adenocarcinoma.   Local  hyper- 
thermia was  produced  by  the  application  of  2450  MHz  microwaves  to  sub- 
cutaneously  implanted  tumors.   The  intra- tumor  temperature  uniformity  was 
±0.5  C  and  the  rectal  temperatures  were  36  to  38  C.   The  simultaneous  appli- 
cation of  LTH  and  ADR  resulted  in  tumor  growth  delays  greater  than  expected 
from  addition  of  the  individual  treatments.   The  enhanced  effectiveness  of 
these  treatments  did  not  occur  if  the  two  treatments  were  separated  by  four 
hours.   Cures  were  observed  only  in  the  treatment  groups  administered  drug 
and  heat  simultaneously.  Measurements  of  the  tissue  distribution  of  adrlamycin 
and  its  metabolites  using   C-adriamycin  indicated  that  the  uptake  of  radioact- 
ivity into  the  heated  tumors  was  not  increased  by  local  hyperthermia.   A  great- 
er percentage  of  the  radioactivity  in  heated  tumors  was  recovered  as  adrlamy- 
cin metabolites  and  correspondingly  less  radioactivity  recovered  as  unchanged 
adrlamycin. 

E.  Absorption  and  Toxicity  of  Lipid-Encapsulated  Adrlamycin  Administered 
Intraperitoneally  in  a  Large  Volume.   Our  previous  work  has  shown  adrlamycin 
to  be  extremely  toxic  when  administered  intraperitoneally  (ip)  in  a  large 
volume.   Encapsulated  adrlamycin,  in  lipid  vesicles,  may  be  less  locally 
toxic,  thus  allowing  it  to  be  more  widely  used  in  the  clinical  "belly-bath" 
protocol.   This  study  examined  the  absorption,  distribution  and  toxicity  of 
adrlamycin  administered  in  0.9%  NaCl,  in  the  presence  of  lipid  vesicles, 

and  encapsulated  within  lipid  vesicles.   At  a  low  concentration  of  adrlamycin 
(5  Mg/ml)  lipid  retards  the  absorption  of  adrlamycin  over  a  9  hr  time 
course,  while  at  a  high  concentration  (75  yg/ml)  lipid  appears  to  enhance 
adrlamycin  absorption.   The  general  tissue  distribution  of  adrlamycin  was  not 
affected  by  encapsulation.   The  uptake  of  adrlamycin  into  thoracic  and  renal 
lymph  nodes,  however,  appeared  to  be  enhanced  by  encapsulation.   At  both 
2  and  14  days  after  treatment,  local  abdominal  toxicity  was  not  strikingly 
different  between  free  and  encapsulated  adrlamycin.   These  preliminary  re- 
sults suggest  that  there  would  be  no  toxicological  or  distributional  advant- 
age to  using  lipid  encapsulated  adrlamycin  in  the  "belly-bath"  treatment  of 
intra-abdominal  cancer. 

F.  Effect  of  Vehicle  on  the  Toxicity  of  Cis-Platinum  (cisPt) .   The  dose- 
limiting  renal  toxicity  of  cis-Pt  may  be  avoided  by  hydrating  patients  before 
and  during  therapy,  which  requires  ambulatory  admission  to  a  treatment  center. 
If  a  method  could  be  developed  to  avoid  the  renal  toxicity  of  cis-Pt  without 
the  need  for  hydration,  patient  treatment  might  be  facilitated.   Because 

the  toxicity  of  cis-Pt  is  dependent  on  the  rate  of  dissociation  of  chloride 
ion  from  the  cis-Pt  molecule,  an  attempt  was  made  to  alter  the  toxicity  of 
cis-Pt  by  varying  the  chloride  ion  concentration  in  the  vehicle  of  admin- 
istration.  Cis-Pt  prepared  in  distilled  water  (DW)  was  more  toxic 
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(9  mg/kg  =  LD-iqq)  than  cis-Pt  prepared  in  0.9%  NaCl  (9  mg/kg  =  LD-:q),  or 
in  4.5%  NaCl  t?  mg/kg  =  nonlethal) .   cis-Pt  in  4.5%  NaCl  produced  no  changes 
in  blood  urea  nitrogen  or  creatinine  and  only  occasional,  mild  renal  lesions. 
Vehicle  did  not  affect  Pt  concentrations  in  blood,  liver  or  kidney  nor  was 
any  change  in  in  vitro  binding  of  Pt  to  plasma  observed  almong  the  3  vehicles. 
4.5%  NaCl  injected  prior  to  or  concommitant  with  cis-Pt  in  DW  but  by  a 
different  route  failed  to  protect  against  the  toxicity  of  cis-Pt  in  DW.   The 
efficacy  of  cis-Pt  against  the  P388  tumor  in  mice  was  the  same  when  cis-Pt 
was  prepared  in  0.9%  NaCl  and  4.5%  NaCl.   These  results  suggest  that  pre- 
paring cis-Pt  in  4.5%  NaCl  may  protect  patients  against  the  renal  toxicity  of 
cis-Pt  while  not  altering  the  antitumor  effect  of  the  drug. 

G.   In  Vitro  Stimulation  by  Adriamycin  of  NADPH-dependent  Lipid  Peroxidation 
in  Rat  Liver  and  Heart  Microsomes.   As  part  of  our  continuing  interest  in  the 
biochemical  mechanism  of  adriamycin  toxicity,  we  have  studied  lipid  peroxi- 
dation (LP)  in  liver  and  heart  microsomes  by  measuring  the  production  of 
malonaldehyde  in  vitro.   Microsomes  catalyze  a  single-electron  transfer 
from  NADPH  to  adriamycin  forming  semiquinone  radicals  which  in  turn  can 
activate  molecular  oxygen  and  accelerate  LP  5  to  7-fold.   Adriamycin-agumented 
LP  was  linear  with  time  to  60  min,  optimal  at  1.0  mg/ml  liver  microsomal 
protein  and  pH  7.5,  and  proportional  to  the  adriamycin  concentration  up  to 
100  yM.   A  NADPH-gene rating  system  was  superior  to  NADPH,  and  an  oxygen 
atmosphere  triple  the  rate  of  LP  as  compared  to  air.   Nitrogen  abolished 
adriamycin-stimulated  peroxidation.   Superoxide  dismutase,  reduced  glutathi- 
one, a-tocopherol,  EDTA,  dioxopiperazinylpropane  (ICRF-187)  and  dimethylurea 
were  all  effective  inhibitors  of  LP.   This  suggests  that  superoxide  anion  and 
possibly  hydroxyl  radical  may  be  formed  by  the  oxidation  of  the  adriamycin 
semiquinone  radical,  and  these  reactive  oxygen  species  initiate  LP  in 
microsomes.   Although  adriamycin  failed  to  stimulate  LP  in  heart  microsomes 
from  control  animals,  peroxidation  was  dramatically  increased  when  cardiac 
microsomes  from  a-tocopherol-def icient  rats  were  used.   LP  in  a-tocopherol- 
deficient  liver  microsomes  was  4  times  greater  than  in  control  microsomes, 
however,  adriamycin  did  not  further  increase  that  high  rate  of  peroxidation. 
These  results  suggest  that  endoplasmic  relicular  LP  may  play  a  role  in  the 
cytotoxicity  and  cardiotoxicity  of  adriamycin. 

H.   Inhibition  of  Rat  Liver  Microsomal  Drug  Metabolizing  Enzymes  by  Adriamy- 
cin: Role  of  Lipid  Peroxidation.   Lipid  peroxidation  (LP)  of  the  microso- 
mal membrane  leads  to  loss  of  membrane  structure  and  decreased  activity  of 
several  membrane-bound  enzymes  that  catalyze  drug  oxidation.   Since  adriamy- 
cin dramatically  stimulates  peroxidation  of  microsomal  lipid,  we  hypothe- 
size that  adriamycin  would  produce  a  marked  inhibition  of  in  vitro  microsomal 
drug  metabolism.   Adriamycin  (100  yM)  preincubated  with  rat  liver  microsomes 
under  an  oxygen  atmosphere  in  the  presence  of  NADPH  stimulated  LP  3-fold 
over  controls,  reduced  cytochrome  P-450  content  (70%),  inhibited  aminopyrine 
demethylase  (80%)  and  glucose-6-phosphatase  (70%)  activities,  increased  UDP- 
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glucuronyltransferase  activity  (450%)  and  had  little  effect  on  NADPH- 
cytochrome  c^  reductase.   Microsomal  LP  in  the  absence  of  adriamycin  produced 
lesser  changes  in  enzyme  activities.   By  contrast,  when  microsomes  were  pre- 
incubated  with  adriamycin,  and  EDTA  to  inhibit  LP,  no  significant  altera- 
tions in  drug  metabolism  were  observed.   Washing  peroxidized  microsomes  by 
ultracentrifugal  resedimentation  to  remove  soluble  products  of  LP  failed 
to  restore  normal  enzyme  activities.   When  rats  were  injected  with  adria- 
mycin at  10  or  15  mg/kg  ip,  12,  24  and  48  hours  prior  to  sacrifice,  essen- 
tially no  alterations  in  microsomal  enzyme  activities  occurred.   It  appears 
that  while  adriamycin  i^   vitro  causes  considerable  inhibition  of  oxidative 
drug  metabolism  and  stimulation  of  drug  conjugation  by  virture  of  increased 
LP,  no  such  effects  were  produced  when  adriamycin  was  given  to  the  animal. 
It  is  likely  that  hepatocyte  membrane  lipids  are  protected  against  LP  by 
superoxide  dismutase,  catalase,  glutathione,  and  glutathione  peroxidase, 
all  of  which  are  separated  from  microsomes  during  the  isolation  procedure. 

I.   Differential  Effects  of  Adriamycin  Analogs  and  Other  Drugs  on  Heart  and 
Liver  Microsomal  Lipid  Peroxidation.    Microsomal  NADPH-cytochrome  P-450 
reductase  catalyzes  the  single-electron  reduction  of  several  quinone-con- 
taining  adriamycin  analogs  to  free  radical  intermediates  capable  of  stimu- 
lating the  production  of  reactive  oxygen  and  enhancing  microsomal  lipid 
peroxidation  (LP) .   Mouse  liver  and  rat  liver  microsomal  LP  were  stimulated 
3  to  5-fold  by  adriamycin,  daunomycin,  carminomycin ,  4-desmethoxydaunorubicin, 
desacetyladriamycin,  N-dimethyladriamycin,  aclacinomycin,  adriamycin 
nicotinate,  steffimycin,  and  quelamycin.   The  potency  of  the  drugs  varied  such 
that  the  concentration  for  maximal  enhancement  ranged  from  25  pM  for 
desmethoxydaunorubicin  to  200  yM  for  daunomycin  and  others.   In  sarcosomes 
from  mice  and  a-tocopherol  deficient  rats,  these  drugs  stimulated  LP  5  to 
10- fold,  however,  control  rat  sarcomes  peroxidized  poorly  and  no  drug  tested 
significantly  accentuated  peroxidation.   Superoxide  dismutase,  EDTA,  and  re- 
duced glutathione  inhibited  adriamycin,  daunomycin,  carminomycin  and  des- 
methoxydaunorubicin-stimulated  LP  in  mouse  heart  and  liver  microsomes. 
Aminoanthracenedione,  lapachol,  anthrogallol  and  5-iminodaunorubicin  at  5 
to  10  pM  were  potent  inhibitors  (>90%)  of  rat  liver  LP;  adriamycin-DNA, 
methotrexate,  cyclophosphamide,  and  5-f luorouracil  were  either  slightly 
inhibitory  or  had  no  effect.   We  propose  that  those  drugs  which  stimulate 
LP  produce  reactive  oxygen  species  such  as  superoxide  anion  or  hydroxyl  radi- 
cal.  It  is  plausible  that  LP  may  be  the  mechanism  of  cytotoxicity  for  at 
least  some  of  the  adriamycin  analogs. 

J.   Tetracycline-Augmented  Liver  and  Kidney  Microsomal  Lipid  Peroxidation 
in  Rats  and  Mice.   Tetracycline,  oxytetracycline  and  chlortetracycline 
stimulated  in  vitro  microsomal  lipid  peroxidation  (LP)  in  the  presence 
of  a  NADPH- generating  system.   Tetracycline  produced  the  greatest  stimulation 
(four-fold)  followed  by  oxytetracycline  and  chlortetracycline.   Similar 
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concentration-dependent  stimulation  of  LP  was  observed  in  mouse  liver  and 
kidney  and  rat  liver  microsomes,  but  rat  kidney  microsomes  were  refractory 
to  the  stimulatory  effects  of  these  drugs.   In  rat  liver  microsomes,  re- 
duced glutathione,  superoxide  dismutase  and  EDTA  inhibited  the  drug-stimulated 
LP  by  90%,  suggesting  that  reactive  oxygen  may  be  formed  by  the  interaction 
of  the  tetracyclines  with  microsomes,  and  that  iron  may  be  required  for  the 
reaction  to  occur.   It  is  possible  that  the  tetracyclines  form  radical  inter- 
mediates similar  to  the  semiquinone  radical  form  of  adriamycin  which  has 
structural  similarity  to  tetracycline.   These  findings  suggest  that  LP  may 
play  a  role  in  the  pathogenesis  of  tetracycline  hepato-  and  nephrotoxicity. 

K.   The  Effects  of  CCNU  [l-(2-chloroethyl)-3-(cyclohexyl)-l-Nitro50urea]  On 
Cytochrome  P-450-Dependent  Hepatic  Microsomal  Mixed  Function  Oxidation.   The 
anticancer  drug,  CCNU,  is  known  to  inhibit  hepatic  mixed-function  oxidases, 
which  catalyze  the  metabolism  of  foreign  compounds.   Since  this  system  is  also 
responsible  for  the  metabolism  of  endogenous  substrates,  such  as  steroids 
and  fatty  acids,  alteration  in  its  normal  activity  may  have  significant 
physiological  effects.   In  the  present  project,  both  the  in  vivo  and  in  vitro 
effects  of  CCNU  on  the  enzyme  system  are  reported.   In  a  time  course  study, 
cytochrome  P-450  content,  cytochrome  P-450  dependent  enzymes  and  NADPH- 
cytochrome  £  reductase  were  depressed  within  3  days  after  a  single  (40  mg/ 
kg)  injection  of  CCNU  to  male  rats.   After  the  nadir  of  inhibition  was  reach- 
ed, some  parameters  (NADPH-cytochrome  c_   reductase,  aniline  hydroxylase, 
microsomal  protein)  returned  to  control  values  within  about  2  weeks  but  others 
(cytochrome  P-450,  the  metabolism  of  "type  I"  substrates)  continued  to  be 
depressed,  even  up  to  seven  weeks  after  the  single  dose.   The  first  phase  of 
the  CCNU  effect,  therefore,  appears  to  be  a  generalized  depression  of  hepatic 
mixed  function  oxidase  parameters  (such  as  a  general  alteration  of  protein 
and/or  heme  metabolism) ,  whereas  cytochrome  P-450  was  selectively  affected 
thereafter.   It  may  be  fruitful  to  determine  levels  of  CCNU  and  its  metabolit- 
es that  are  present  in  the  liver  during  this  experimental  period  since  it 
was  also  demonstrated,  in  the  present  work,  that  CCNU  interacted  with  both 
the  oxidized  and  reduced  form  of  cytochrome  P-450  to  form  complexes  that 
were  detectable  spectrally.   The  inhibition  of  mixed  function  oxidases 
by  some  compounds,  e.g.  safrole,  has  been  explained  by  the  formation  of  tight 
complexes  with  cytochrome  P-450. 

The  in  vitro  response  of  various  cytochrome  P-450  related  enzymes  were  also 
investigated.   Although,  the  in  vitro  effects,  to  some  extent,  parallel  the 
in  vivo  results  (e.g.  the  inhibition  of  several  P-450  dependent  enzymes), 
it  is  doubtful  whether  they  proceed  by  the  same  mechanism.   For  example, 
kinetic  studies  showed  that  the  nature  of  inhibition  of  various  enzymes 
differs  in  the  two  situations,  and  there  was  no  effect  on  total  heme  and 
NADPH-cytochrome  £   reductase  in  the  in  vitro  experiments.   Of  interest  is  that 
lipid  peroxidation,  which  was  stimulated  when  CCNU  was  administered  to  ani- 
mals, was  inhibited  in  vitro  by  the  drug.   These  studies  are  being  extended 
to  investigate  the  effects  of  CCNU  on  heme  metabolism. 

Formerly  project  number  ZOl  CM  06122-07,  Laboratory  of  Toxicology. 
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Methods  Employed: 

Standard  enzymatic  and  analytical  techniques  have  been  utilized. 

Major  Findings: 

A.  Effect  of  Vehicle  on  Paraquat  Toxicity.   It  has  been  reported  that 
paraquat  administered  to  mice  dissolved  in  water  is  more  toxic  than  when  given 
in  saline.   Although  the  degree  of  protection  is  dependent  upon  the  concentra- 
tion of  saline  there  appears  to  be  a  maximal  level  of  saline  above  which  no 
further  protection  is  afforded.   After  administering  paraquat  in  saline 

(45  mg/kg,  ip)  there  was  an  apparent  decrease  in  the  absorption  of  paraquat 
compared  to  when  it  is  administered  as  a  solution  in  water.   Although  there 
was  no  difference  in  the  urinary  excretion  of  paraquat  over  12  hrs  after  an 
ip  dose,  the  plasma  clearance  of  paraquat  given  iv  (45  mg/kg)  was  slower 
when  dissolved  in  water  than  in  saline.   There  were  differences  between  the 
2  vehicles  in  the  distribution  of  paraquat  after  ip  administration.   When 
given  in  water,  the  liver  had  higher  paraquat  content  15  and  30  min.  after 
administration,  and  after  24  hrs  both  the  kidney  and  lung  had  considerably 
higher  concentrations  of  paraquat  than  when  administered  in  saline. 

It  may  be  that  the  protection  that  saline  affords  against  paraquat  toxicity 
is  a  result  of  a  combination  of  altered  parameters,  namely  decreased 
absorption,  increased  plasma  clearance  (renal  clearance)  and  consequently 
altered  distribution. 

B.  The  Effect  of  Chlorpromazine  on  Paraquat  Toxicity  and  the  Uptake  of 
Paraquat  by  Rat  Lung.  Ingestion  or  injection  of  the  herbicide  paraquat  (PQ) 
in  experimental  animals  or  humans  results  in  acute  pneumonitis  and  pulmonary 
edema  which  usually  progresses  inexorably  to  pulmonary  fibrosis  and  death 
from  pulmonary  insufficiency.   As  yet,  no  effective  therapy  for  PQ 
poisoning  is  known.   As  part  of  an  extensive  study  investigating  the  uptake 
of  PQ  into  rat  lung  slices,  several  drugs  were  examined  for  their  ability 

to  inhibit  PQ  accumulation  and  enhance  efflux  of  previously  accumulated  PQ. 
Several  of  the  compounds  that  were  tested  had  such  activities  but  chlorproma- 
zine (CPZ)  appeared  to  be  the  most  potent  and  warranted  further  studies. 
The  inhibition  of  PQ  uptake  by  CPZ  was  dependent  upon  the  concentration  of 
the  inhibitor.   In  the  absence  of  CPZ,  PQ  (10  yM)  uptake  into  lung  slices 
was  linear  with  time  for  up  to  two  hours.   In  the  presence  of  100  or  300  yM 
CPZ,  uptake  at  a  reduced  rate  was  linear  for  only  about  one  hour  and  there- 
after decreased  or  completely  ceased.   In  another  series  of  experiments, 
the  efflux  of  PQ  from  rat  lung  slices  into  fresh  medium  was  investigated.   A 
number  of  basic  drugs  either  inhibited  efflux  or  were  without  effect  but 
CPZ  enhanced  efflux  of  PQ  from  lung  slices,  in  a  concentration  -  dependent 
manner.   These  effects  of  CPZ  on  PQ  uptake  into  and  efflux  from  lung  slices 
raised  the  intriguing  possibility  that  a  similar  interaction  may  also  take 
place  ill  vivo  and,  if  so,  might  protect  animals  against  the  pulmonary 
toxicity  of  PQ.   To  test  this,  rats  were  injected  with  CPZ  (s.c.)  and  then 
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with  PQ  (i.v.)  30  minutes  later.   Daily  counts  were  made  of  the  number  of 
deaths.   To  our  surprise,  CPZ  did  not  produce  the  expected  protective  effect 
but  instead  potentiated  the  toxicity  of  PQ.   This  was  found  to  be  due  to  a 
reduced  renal  clearance  and  increased  lung  concentration  of  the  herbicide 
in  presence  of  CPZ.   When  saline  (p.o.)  was  administered  with  CPZ  and  PQ, 
the  renal  clearance  was  increased,  the  lung  PQ  content  was  normalized  and 
PQ-potentiation  was  markedly  reduced.   These  results  indicated  that  al- 
though CPZ  inhibited  PQ  uptake  and  enhanced  PQ  efflux  in  rat  lung  slices, 
it  did  not  protect  against  PQ  poisoning  in  vivo. 

C.   The  Effect  of  Vitamin  A  Deficiency  on  Drug  Metabolism.   Evidence  has 
accumulated  suggesting  that  vitamin  A  deficiency  renders  animals  more 
susceptible  to  certain  chemical  carcinogens.   Although  hepatic  drug 
metabolism  in  vitamin  A  deficient  animals  has  been  studied,  the  results 
from  various  laboratories  have  not  been  consistent.   Our  study,  therefore, 
was  initiated  to  examine  the  MFC  system  at  varying  stages  and  severities 
of  deficiency.   Three,  4,  5  and  6  weeks  after  placing  rats  on  a  vitamin  A 
deficient  diet,  when  the  hepatic  levels  of  vitamin  A  were  undetectable 
(<1  yg/g) ,  cytochrome  P-450,  NADPH  cytochrome  £  reductase,  aniline  hydroxy- 
lase, biphenyl  hydroxylase,  native  and  'activated'  UDP-glucuronyl-transfer- 
ase,  N-acetyltransf erase  and  N-demethylase  activities  remained  unaltered  as 
compared  to  the  controls.   However,  after  8  and  10  weeks,  significant 
decreases  were  seen  in  cytochrome  P-450  levels  and  N-acetyltransf erase,  IIDP- 
glucuronyltransf erase  and  N-demethylase  activities  in  the  deficient  livers. 
Glutathione  S-aryltransferase  activity,  on  the  other  hand,  was  unchanged  at 
3  weeks  but  increased  approximately  two-fold  at  4,  5  and  6  weeks  of  deficien- 
cy.  At  8  and  10  weeks  the  increase  in  S-aryl  transferase  activity  was  70 
and  35%  respectively. 

We  have  extended  the  study  to  determine  the  effect  of  deficiency  on  hepatic 
and  extrahepatic  glutathione  transferases.   Male  weanling  rats  (23  days  old) 
were  fed  either  a  vitamin  A  deficient  diet  on  an  identical  diet  supplemented 
with  20,000  I.U.  of  retinyl  acetate/kg  for  a  period  of  6  weeks.   At  this 
time  there  were  no  significant  differences  in  body,  liver,  kidney  and  lung 
weights  between  the  two  groups  and  no  overt  signs  of  deficiency  in  animals 
fed  the  deficient  diet.   Vitamin  A  levels  in  the  liver,  kidney  and  lung  of 
deficient  rats  were  <1  yg/g  tissue  as  compared  to  concentrations  of  207, 
2.4  and  6.8  Mg/g  in  the  corresponding  organs  of  control  animals.   Gluta- 
thione S-aryl  (3,4-dichloronitrobenzene) ,  S-aralkyl  (4-nitrobenzyl  chloride), 
S-epoxide  (l,2-epoxy-3[4-nitrophenoxyl]propane)  and  S-alkyl  (methyl  iodide) 
transferase  activities  were  estimated  in  the  cytosol.   In  the  livers  of 
deficient  animals,  all  four  glutathione  S-transferase  activities  were  sig- 
nificantly increased  (34-57%).   In  the  kidney,  only  S-aralkyl  (27%)  and 
S-alkyl  (14%)  activities  showed  significant  increases  as  a  result  of 
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vitamin  A  deficiency.   There  were  no  changes  in  the  four  transferase 
activities  in  the  lung  or  in  renal  S-aryl  and  S-epoxide  transferase  act- 
ivities.  The  increased  activities  of  the  hepatic  transferases  of  deficient 
animals  were  not  due  to  changes  in  Km  but  to  significant  increases  (25-80%) 
in  Vmax.   In  addition,  the  Km  and  Vmax  for  glutathione,  with  dichloro- 
nitrobenzene  as  the  second  substrate,  were  both  increased  two-fold  in  the 
deficient  livers.   These  results  demonstrate  that  the  activities  of  gluta- 
thione S-transf erases,  in  contrast  to  the  general  pattern  of  depression 
of  monooxygenase  activities,  are  increased  in  vitamin  A  deficiency. 

D.  Effect  of  Vitamin  A  Deficiency  on  Drug  Uptake  by  Lung  Slices.   In  an 
extension  of  the  project  described  in  C  above,  the  uptake  of  several  radio- 
labelled  compounds  (10  pM)  was  examined  in  lung  slices  from  male  rats  fed 
either  an  A  deficient  diet  or  an  identical  diet  supplemented  with  retinyl 
acetate  (20,000  lU/kg)  for  10  weeks.   Uptake  of  imipramine  (43-59%),  chlor- 
promazine  (35-59%)  and  5-hydroxytryptamine  (5HT)  (26-40%)  was  significantly 
greater  in  deficiency.   Accumulation  of  methadone  and  paraquat  was  not 
affected.   Thus,  vitamin  A  deficiency  can  result  in  greater  pulmonary  accum- 
ulation of  drugs  which  may  manifest  enhanced  toxicity  to  the  organ. 

E.  The  Metabolism  and  Biliary  Excretion  of  Sulfobromophthalein  in  Vitamin  A 
Deficiency.   In  project  C  of  this  series  it  was  shown  that  vitamin  A 
deficiency  in  rats  increased  the  activity  of  hepatic  glutathione  S-transfer- 
ase  toward  several  substrates.   Insofar  as  sulfobromophthalein  (BSP)  ,  a 
diagnostic  aid  commonly  used  clinically  to  test  liver  function,  is  rapidly 
conjugated  and  cleared  from  the  plasma  after  conjugation  with  glutathione, 
it  was  of  interest  to  study  the  metabolism,  biliary  excretion,  and  plasma 
clearance  of  BSP  in  vitamin  A  deficient  rats.   Vitamin  A  deficiency 
significantly  increased  hepatic  glutathione  S-aryltransferase  activities 
measured  in  vitro  against  l,2-dichloro-4-nitrobenzene  (DCNB)  and  sulfo- 
bromophthalein (BSP) .   These  changes  were  accompanied  by  a  decrease  in 
hepatic  glutathione  reductase  activity  in  the  deficient  animals  but  there 
were  no  alterations  in  either  oxidized  glutathione  (GSSG)  levels  or  the 
ratio  of  reduced  glutathione  (GSR)    to  GSSG  in  the  liver.   The  relationships 
between  plasma  BSP  clearance,  biliary  BSP  excretion,  and  the  enzymatic 
conjugation  rate  of  the  dye  were  examined.   The  plasma  clearance,  hepatic 
uptake  and  hepatic  storage  of  BSP  were  reduced  in  vitamin  A  deficient 
animals.   Biliary  concentration,  excretion  rate  and  cumulative  excretion  of 
BSP,  on  the  other  hand,  were  increased  in  these  animals.   The  increases  in 
these  parameters  were  due  predominantly  to  increased  formation  of  conjugated 
BSP.   It  is  therefore  concluded  that  the  rate  of  the  enzymatic  conjugation 
of  BSP  with  GSH  is  a  rate-limiting  step  in  the  biliary  excretion  of  the  dye, 

F.  Effect  of  Obesity  on  Drug  Metabolism  in  Rodents.   Literature  reports 
have  suggested  that  differences  in  drug  response  between  obese  and  non- 


490 


ZOl  CM  07120-01  LMCB 

obese  patients  might  be  related  to  differences  in  microsomal  drug  metabolism. 
Further,  differences  in  chemical  carcinogenesis  between  normal  and  obese 
rodents,  and  human  epidemiological  data  suggesting  different  tumor  incidence 
in  obese  and  lean  humans  suggest  a  possible  metabolic  relationship  between 
carcinogenesis  and  obesity.   We  therefore  investigated  the  activity  of  drug 
metabolizing  enzymes  in  genetically  obese  rodents.   Obese  male  rats  have  in 
vitro  hepatic  drug  metabolizing  enzyme  activities  that  are  approximately  30% 
those  found  in  genetically  normal  animals.   Cytochrome  P-450  levels  are  65% 
of  levels  in  normal  rats.   In  obese  female  rats  only  NADPH  cytochrome  c^ 
reductase  and  aniline  hydroxylase  activities  were  lower  than  in  normal  female 
rats.   Enzyme  activities  in  obese  females  were  routinely  greater  than  in  the 
genetically  obese  males.   Hexobarbital  sleeping  times  in  obese  males  were 
nearly  twice  those  in  normal  males  and  both  groups  had  similar  blood  levels 
of  hexobarbital  at  awakening.   In  male  weanling  obese  rats,  cytochrome  P- 
450  levels  were  equal  to  or  greater  than  in  non-obese  controls,  aminopy- 
rine  demethylase  activity  was  80%  of  control  activity,  and  UDP  glucuronyl- 
transf erase  activity  was  higher  than  in  controls.   Adult  obese  male  rats 
responded  like  the  control  lean  rats  to  an  enzjrme- inducing  regimen  of  3- 
methylcholanthrene  (3-MC) .   Obese  male  rats,  however,  had  an  exaggerated 
sensitivity  to  the  effect  of  phenobarbital  (PB)  and  a  decreased  inductive 
response  to  PB.   All  obese  male  rats  treated  at  75  mg/kg/day  died  after  two 
treatments.   Thirty  mg/kg/day  for  four  days  produced  no  overt  effects  but 
minimal  induction  (15-20%).   Forty-five  mg/kg/day  for  three  days  produced 
prolonged  sedation  but  only  a  slight  increase  in  enzyme  activity  (50%) . 
Normal  animals  at  the  same  dose  show  the  expected  2-4  fold  increases  in 
enzyme  activities. 

Endogenous  drug  metabolism  in  obese  male  mice  was  variable,  with  NADPH  cyto- 
chrome c^  reductase,  aminopyrine  demethylase,  and  PABA  acetyl  transferase 
activities  nearly  equal  to  normal  animals,  but  aniline  hydroxylase,  cyto- 
chrome P-450  and  UDP-glucuronyl  transferase  activities  30-50%  of  normal 
values.   Obese  male  mice  responded  normally  to  induction  with  3-MC. 

G,   Accumulation  of  Xenobiotics  by  the  Lung.   Evidence  has  been  presented 
over  the  last  decade  that  basic  drugs  (pKa  >8.5)  are  concentrated  and 
retained  by  the  lungs  of  mammalian  species.   However,  recent  work  in  our 
laboratory  suggests  that  the  accumulation  of  such  xenobiotics  is  more 
complicated  than  suggested  by  previous  data.   We  have  investigated  the 
pulmonary  retention  of  a  model  basic  drug  (imipramine)  in  several  species 
and  found  both  a  species  and  dose-dependency.   Twelve  hours  after 
administering   C-imipramine  (50  mg/kg,  ip)  to  mice,  rats,  guinea  pigs, 
and  rabbits,  only  rats  and  rabbits  exhibited  significant  accumulation  of 
radioactivity  in  the  lungs  relative  to  other  tissues.   For  the  rat,  tissue: 
plasma  ratios  for  lung,  liver  and  kidney  were  45,  18  and  12  respectively. 
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In  mice  and  guinea  pigs,  the  liver  had  the  highest  tissue: plasma  ratio 
(19  and  5  respectively).   Lung: plasma  and  kidney : plasma  ratios  were  both 
around  2  in  mice  and  5  in  guinea  pigs.   In  addition  to  this  species 
difference,  we  have  demonstrated  that  the  accumulation  of  imipramine  in 
rat  and  rabbit  lung  is  also  dose-dependent.   In  rats  twelve  hours  after 
administration  of   C-imipramine  (10  or  50  mg/kg,  ip)  the  lung  and  liver: 
plasma  ratios  of  radioactivity  were  3  and  14  for  10  mg/kg  and  46  and  18  for 
the  50  mg/kg  dose.   The  apparent  threshold  dose  at  which  pulmonary 
retention  of  imipramine  occurs  is  "^30  mg/kg.   Mice,  guinea  pigs,  and  rabbits 
showed  no  pulmonary  retention  of  radioactivity  after  administration  of  10 
mg/kg,  ip.   Although  imipramine  is  not  metabolized  by  pulmonary  tissue,  it 
undergoes  extensive  metabolism  by  the  liver.   Hence,  it  is  possible  that 
the  species  difference  in  pulmonary  accumulation  of  the  drug  may  be  related 
to  differences  in  hepatic  metabolism. 

Experiments  with  lung  slices  indicate  that  the  rat  lung  may  be  able  to 
concentrate  imipramine  to  an  extent  of  30-40  fold  over  the  medium.   At 
tissue :medium  concentrations  exceeding  30-40,  the  concentration  gradient 
may  be  such  that  outward  diffusion  counterbalances  active  accumulation. 
However,  the  rate  of  efflux  of  imipramine  from  lung  slices  is  independent 
of  the  amount  accumulated.   Thus,  the  amount  of  the  drug  left  in  rat  lung 
after  a  given  time  of  efflux  is  proportional  to  the  initial  concentration 
attained. 

The  lung  slice  technique  has  also  been  employed  to  investigate  the  accumula- 
tion and  retention  of  paraquat,  a  herbicide  which  is  actively  transported 
into  rat  lung.   Although  imipramine  can  inhibit  the  pulmonary  uptake  of 
paraquat  the  two  drugs  do  not  have  identical  uptake  mechanisms  or 
receptor/storage  sites.   The  accumulation  curves  of  the  drugs  are  different. 
Imipramine  inhibits  the  uptake  of  paraquat  but  paraquat  increases  the  uptake 
of  imipramine.   Paraquat  does  not  readily  efflux  from  rat  lung  slices  where- 
as imipramine  decays  to  approximately  50%  of  its  initial  level  after  2  hours 
and  neither  drug  affects  the  efflux  of  the  other.   In  addition,  lung  slices 
obtained  from  rats  treated  with  paraquat  (100  ymol/kg,  iv)  16  hours  previously 
showed  a  60%  decrease  in  paraquat  accumulation  whereas  accumulation  of 
imipramine  was  unaffected.   These  effects  were  observed  in  the  absence  of 
edema,  or  changes  in  sucrose  and  inulin  spaces. 

Rat  lung  slices  were  also  used  to  examine  the  effects  of  citolopram,  a  spec- 
ific inhibitor  of  neuronal  uptake  of  5-hydroxytryptamine  (5HT) ,  on  the  pulmon- 
ary accumulation  of  5HT,  noradrenaline  (NA) ,  imipramine  (IP)  and  paraquat 
(PQ) .  Citalopram  (5  nM)  inhibited  5  HT  uptake  by  30-40%  but  NA  uptake  was  not 
affected  at  any  of  the  concentrations  of_citalopram  studied.   AT  the  highest 
concentrations  of  citalopram  (10   to  10  M)  the  accumulation  of  IP  and  PQ 
was  reduced  by  25-30%.   It  is  concluded  that,  at  low  concentrations,  cita- 
lopram is  a  specific  and  potent  inhibitor  of  5  HT  uptake  by  rat  lung  slices. 
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H-   Bioavailability  of  Intramuscular  A  -Tetrahydrocannabinol  (A  -THC) . 

A  -THC  is  an  antiemetic  used  in  patients  undergoing  chemotherapy.   The  usual 
route  of  administration  for  this  purpose  is  oral,  which  has  obvious  dis- 
advantages in  severely  nauseated  patients.   We  have  studied  the  bioavailabil- 
ity, distribution  and  excretion  of  A  -THC  following  IM  or  IV  administration 
to  rabbits.   Peak  plasma  levels  after  IM  dosing  are  20-40%  of  the  IV  peak 
and  plasma  levels  are  characterized  by  a  broad  plateau  beginning  6-8  hrs 
after  dosing  and  lasting  20-30  hrs.   The  drug  is  excreted  largely  in  the 
urine  and  urinary  recoveries  are  from  60-80%  of  the  dose  in  72  hrs.   Inter- 
animal  variability  with  the  IM  route  is  greater  than  desirable  but  the 
broad  peak  plasma  level  may  provide  the  advantage  of  less  frequent  drug 
administration.   CNS  effects  are  dramatically  reduced  after  IM  administra- 
tion. 

I.   Effect  of  Portacaval  Anastomosis  on  Hepatic  Drug  Metabolism.   It  has 
been  well  documented  that  the  liver  is  perfused  primarily  by  portal  blood 
("^75%)  and  interference  with  the  portal  blood  supply  as  in  liver  cirrhosis 
and  portacaval  anastomosis  (PCA)  leads  to  a  decrease  in  hepatic  size, 
functional  capacity  and  drug  metabolizing  enzjrme  activity.   Interestingly, 
arterilization  of  the  shunted  liver  prevents  the  liver  atrophy,  but  does 
not  prevent  the  reduction  in  cytochrome  P-450  level.   These  observations  led 
several  authors  to  conclude  that  portal  blood  may  contain  some  inducing 
factor (s)  (nutrients,  anutrient  dietary  components  environmental  contani- 
ments,  steroid  and  peptide  hormones). 

The  effects  of  portacaval  anastomosis  (PCA)  on  microsomal  and  cytosolic 
enzymes  which  catalyze  drug  metabolism  were  studied  in  male  rat  liver  at 
3,  7,  14,  30  days  after  PCA.   PCA  led  to  a  fall  in  liver:body  weight  ratio, 
cytochrome  P-450  level,  ethylmorphine,  and  aminopyrine  N-demethylation,  and 
benz(a)pyrene  hydroxylase  (AHH)  activities.   However,  no  change  was  observed 
in  biphenyl  4-hydroxylase,  UDP-glucuronyl  transferase  and  gluthatione  S- 
transferase  during  the  experimental  period.   At  14  days  after  PCA,  cytochrome 
P-450,  biphenyl  4-hydroxylase  and  AHH  activities  were  induced  by  3-methyl- 
cholanthrene  treatment  about  2  fold  in  both  PCA  and  pair  fed  sham  operation 
groups.   Curvilinear  Lineweaver-Burk  plots  for  N-demethylation  of  ethyl- 
morphine,  aminopyrine,  p-chloro  N-methylaniline  were  obtained  in  both  PCA 
and  control  groups.   Apparent  Km  value  did  not  differ  significantly  among 
the  two  groups  for  any  of  the  three  substrates,  while,  microsomes  from  PCA 
rats  had  Vmax  values  significantly  lower  than  control.   In  additional  studies 
we  have  compared  the  effects  of  PCA  on  hepatic  monooxygenase  system  in  male 
and  female  rats.   Two  weeks  after  PCA,  cytochrome  P-450  levels  were  signif- 
icantly lower  in  both  male  (0.500  ±   0.017  nmoles/mg  protein)  and  female 
(0.561  ±  0.019)  than  pair  fed  controls  (male,  0.821  ±  0.024;  female,  0.713 
±  0.029).   The  decrease  in  ethylmorphine  N-demethylase  activity  of  the  male 
(50%)  was  greater  than  in  the  female  (8%)  .   Similar  results  were  seen  in  AHH 
activity  and  aminopyrine  N-demethylase  activity.   On  the  other  hand,  the 
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activities  of  biphenyl  4-hydroxylase  and  aniline  hydroxylase,  which  are 
not  sex  dependent,  were  not  affected  by  PCA.   Our  results  indicate  the 
PCA  caused  a  greater  reduction  of  the  sex-dependent  cytochrome  P-450- 
catalyzed  enzyme  activities  in  the  male  than  in  the  female  rats.   Thus,  the 
decrease  in  hepatic  cytochrome  P-450  levels  and  monooxygenase  activities 
in  the  rats  with  PCA  may  not  only  be  due  to  the  diversion  of  portal  blood 
supply  to  the  liver,  but  also  to  some  changes  in  hormonal  regulation. 

Formerly  project  number  ZOl  CM  06122-07,  Laboratory  of  Toxicology. 
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Methods  Employed: 

Standard  enzymatic  and  analytical  techniques  have  been  utilized. 

Major  Findings: 

A.   Chemiluminescence :  An  Approach  to  Investigating  the  Interaction  Between 
Bleomycin  and  Ferrous  Iron.   Chemiluminescence  is  the  emission  of  light  during 
the  course  of  an  exergonic  chemical  reaction.   It  implies  the  presence  of 
energy  rich  molecular  states  in  which  electrons  occupy  orbitals  of  higher 
energy  than  ground  state.   This  excess  energy  can  be  dissipated  by  thennol 
decay,  by  light  emission,  or  by  increased  chemical  reactivity.   Possible 
sources  of  light  emission  are  the  relaxation  of  singlet  oxygen  or  relaxation 
of  substances  activated  following  attack  by  reactive  oxygen. 

The  bleomycins  (BLM)  are  a  family  of  glycopeptide  antibiotics  with  clincially 
useful  antineoplastic  activity  against  a  variety  of  tumors.   The  principal 
cellular  target  of  these  agents  appears  to  be  DNA.   In  addition  to  its 
chemo therapeutic  effect  BLM  also  produces  a  dose-limiting  pulmonary  fibrosis 
initiated  by  damage  to  several  pulmonary  cell  types.   Studies  designed  to 
understand  the  molecular  mechanism  of  bleomycins  chemotherapeutic  effect 
have  established  that  ferrous  iron  (Fe   )  and  molecular  oxygen  are  re- 
quired.  Further,  it  has  been  suggested  that  reactive  oxygen  plays  a  role. 
Since  chemiluminescence  (CL)  has  been  demonstrated  to  accompany  a  number 
of  biological  and  chemical  reactions  which  result  in  the  generation  of 
reactive  oxygen,  it  was  hypothesized  that  CL  may  be  used  to  monitor  the 
BLM-Fe   interaction. 

2+ 

We  have  observed  that  the  simultaneous  additon  of  BLM  A.  and  Fe   resulted 

in  significant  CL  (for  example  at  BLM  25  yM  and  Fe   100  yM  -  120,000 
counts/0.5  min) .   This  response  was  rapid  and  returned  to  background 
within  1.5  min.   Maximum  CL  was  dependent  upon  both  the  BLM  and  Fe 
concentrations  while  the  rate  of  CL  varied  with  the  BLM  concentration.   In 
addition,  this  reaction  was  dependent  on  the  presence  of  phosphate  buffer. 
Sequential  addition  of  H„0   (5  mM)  to  a  mixture  of  BLM  and  Fe   ,  but  not 
BLM  or  Fe   alone,  resulted  in  a„second  CL  response  which  was  dependent  on 
the  concentrations  of  BLM  and  ^^2+'      ^"  fact  this  H  O^-elicited  CL  was   2+ 
observed  at  concentrations  of  Fe   that  did  not  yield  CL  from  the  BLM-Fe 
interaction.   This  second  CL  response  diminished  in  magnitude  in  proportion 
to  the  delay  in  addition  of  the  HO   following  the  BLM-Fe   interaction. 
This  HO  -elicited  response  was  not  however  dependent  upon  the  presence 
of  phosphate  buffer.   Several  agents  (superoxide  dismutase,  mannitol, 
dimethylurea,  and  diazabicyclooctane)  significantly  inhibited  the  CL 
resulting  from  the  BLM-Fe"   interaction  but  did  not  comparably  antagonize 
the  HO  -elicited  CL.   This  suggests  that  the  CL  resulting  from  the  addition 
of  H„6  may  originate,  at  least  in  part,  from  a  different  source  than  the 
CL  resulting  from  the  BLM-Fe    interaction. 
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BLM  added  to  the  xanthine  oxidase-xanthine  system  resulted  in  an  Increase 
in  the  native  CL  of  this  system.   Sequential  H2O  was  again  accompanie^ 
by  a  second  CL  response.   Unlike  the  partial  inhibition  of  the  BLM-Fe   - 
H„0„  CL,  superoxide  dismutase  (SOD)  completely  inhibited  the  BLM-enhanced 
CL  with  the  xanthine  oxidase  system. 

These  CL  observations  are  consistent  with  the  hypothesis  that  the  interaction 
between  BLM-Fe   results  in  the  generation  of  reactive  oxygen  and  are 
suggestive  that  part  of  this  CL  originates  from  an  activated  species  of 

BLM. 

The  addition  of  both  DNA  and  proline  inhibited  these  CL  responses.   In  both 
instances  this  inhibition  of  CL  was  accompanied  by  concomitant  DNA  damage 
or  proline  hydroxylation.   Similarly  those  factors  which  enhanced  or 
inhibited  the  BLM-mediated  CL  had  the  same  effect  on  DNA  damage  and  proline 

hydroxylation. 

B.   Demonstration  that  Paraquat  Can  Stimulate  Pulmonary  Microsomal  Lipid 
Peroxidation.   Previous  investigations  have  demonstrated  that  the  redox 
cycling  of  paraquat  by  pulmonary  microsomes  results  in  reactive  oxygen 
generation.   However,  the  hypothesis  that  microsomal  lipid  peroxidation 
results  from  this  action  of  paraquat  (PQ)  has  been  questioned.   Since 
PQ  represents  a  model  compound  by  which  to  compare  other  pulmonary  toxins, 
particularly  those  in  which  reactive  oxygen  has  been  implicated,  a  study 
was  undertaken  to  reexamine  the  ability  of  PQ  to  stimulate  pulmonary 
microsomal  lipid  peroxidation. 

We  have  observed  that  PQ  can  significantly  stimulate  lipid 
peroxidation  in  microsomes  isolated  from  either  rat  or  mouse  lungs. 
This  ability  of  paraquat  to  stimulate  LP  is  dependent  on  a  sufficient  supply 
of  reducing  equivalents,  an  oxygen  environment  and  adequate  incubation  time, 
factors  which  appear  lacking  in  reports  of  previous  investigations.   Super- 
oxide dismutase  (3  yg/ml)  inhibited  the  PQ  stimulated  lipid  peroxidation  by 
90%).   Utilization  of  pulmonary  microsomes  from  vitamin  E-deficient  rats 
resulted  in  a  significant  enhancement  of  paraquat-stimulated  lipid  peroxi- 
dation.  These  in   vitro  observations  coincide  with  and  support  previous 
observations  that  an  0  atmosphere  or  vitamin  E-deficiency  enhance  the  pul- 
monary toxicity  of  PQ  m  both  rats  and  mice. 

C.   Examination  of  the  Ability  of  Mitomycin  C  to  Stimulate  Pulmonary  Micro- 
somal Lipid  Peroxidation:  Comparison  with  Paraquat.   There  has  been  an 
increased  number  of  clinical  reports  that  administration  of  mitomycin  C 
results  in  pulmonary  toxicity.   Using  conditions  described  above  for  paraquat 
we  have  observed  that  mitomycin  C  can  stimulate  an  oxygen-dependent  lipid 
peroxidation  in  rat  and  mouse  pulmonary  microsomes.   Comparison  of  mitomycin 
C  with  paraquat  demonstrated  similiar  concentration  and  time  dependencies. 
In  addition,  the  lipid  peroxidation  stimulated  by  both  agents  was  inhibited 
to  similar  degrees  by  superoxide  dismutase  (SOD),  glutathione,  EDTA  and 
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ascorbic  acid,  suggesting  the  involvement  of  reactive  oxygen  species  in 
this  drug-mediated  lipid  peroxidation.   Preincubation  of  mitomycin, 
microsomes  and  an  NADPH-generating  system  for  15  min  under  an  N  atmosphere 
followed  by  a  60  min  incubation  under  0„  decreased  mitomycin  C's  ability  to 
stimulate  lipid  peroxidation.   The  ability  of  PQ  to  stimulate  lipid  peroxi- 
dation was  not  however  affected  by  preincubation  under  an  N  atmosphere. 
Mitomycin  C  is  known  to  undergo  reductive  metabolism  to  an  alkylating  agent 
under  anaerobic  conditions.   This  suggests  that  mitomycin  C  could  be 
cytotoxic  by  two  mechanisms  depending  on  the  degree  of  tissue  oxygenation. 
These  observations  demonstrate  that  mitomycin  C  can  activate  molecular 
oxygen  similar  to  paraquat  and  that  such  an  action  results  in  stimulation 
of  pulmonary  microsomal  lipid  peroxidation.   In  addition  these  observations 
suggest  that  an  iji  vivo  model  similar  to  that  reported  for  PQ  can  be  de- 
veloped to  examine  the  in  vivo  pulmonary  effects  of  mitomycin  C. 

D.   The  Interaction  of  Bleomycin  A^  With  Rat  Pulmonary  Microsomes.   Unlike 
mitomycin  C  and  paraquat,  the  interaction  of  bleomycin  with  microsomes  in 
the  presence  of  NADPH  and  0„  does  not  result  in  lipid  peroxidation.   However, 
if  calf  thymus  DNA  is  present,  bleomycin  mediated  cleavage  of  deoxyribose 
occurs  as  indicated  by  formation  of  a  2-thiobarbituric  acid  (TBA) -reactive 
product.   This  activity  of  bleomycin  is  greatest  under  an  0   atmosphere. 
Interestingly,  the  addition  of  low  concentrations  of  the  reactive  oxygen 
generating  drugs  PQ  and  mitomycin  C  enhance  this  action  of  bleomycin  about 
2-fold.   Experiments  are  in  progress  to  determine  if  the  microsomal- 
mediated  action  of  bleomycin  is  due  merely  to  reactive  oxygen  generation 
and/or  the  formation  of  a  reactive  bleomycin  intermediate. 

Significance  to  Biomedical  Research  and  the  Programs  of  the  Institute: 

AS  stated  under  objectives,  drug  interactions  are  known  to  profoundly 
influence  the  disposition  of  drugs  and  thus  may  determine  whether  a  normal 
therapeutic  dose  of  drug  will  become  either  a  sub-threshold  or  toxic  dose. 
The  significance  of  this  knowledge  to  cancer  chemotherapy,  particularly 
in  the  era  of  combination  drug  administration,  cannot  be  over  emphasized. 

Proposed  Course: 

The  projects  being  pursued  are  only  partially  complete.   In  addition  to 
examining  in  more  detail  the  influence  of  antineoplastic  agents  upon  the 
metabolism,  distribution,  and  binding  of  drugs  and  their  toxicity,  we 
envision  studying  the  metabolic  fate  of  antineoplastic  agents. 

Formerly  project  number  ZOl  CM  06122-07,  Laboratory  of  Toxicology. 
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ANNUAL  REPORT  OF  THE  LABORATORY  OF  CHEMICAL  PHARMACOLOGY 

DEVELOPMENTAL  THERAPEUTICS  PROGRAM 

DIVISION  OF  CANCER  TREATMENT 

October  1,  1979  to  September  30,  1980 

Efforts  in  the  Laboratory  of  Chemical  Pharmacology,  DTP,  DCT  are  concerned 
with  conducting  research,  teaching  and  training,  contract  administration, 
and  providing  administrative  and  scientific  support  to  the  Developmental 
Therapeutics  Program  and  the  Division  of  Cancer  Treatment. 

The  study  of  new  as  well  as  established  antitumor  agents  is  the  primary 
research  activity  of  the  Laboratory  of  Chemical  Pharmacology.  These  studies 
are  chiefly  concerned  with  elucidating  the  pharmacological  properties  of 
such  agents,  and  include  an  evaluation  of  their  disposition  and  metabolism, 
their  mechanism  of  action,  the  mechanisms  by  which  tumor  cells  become 
resistant  to  them,  and  their  embryotoxic,  mutagenic,  and  carcinogenic 
effects.  Studies  are  conducted  not  only  in  laboratory  animals,  but  also  in 
humans,  and  the  test  compounds  include  antitumor  agents  as  well  as  other 
foreign  compounds  used  as  models  for  defining  specific  processes  or  mechan- 
isms. Of  special  concern  in  the  disposition  studies  of  new  antitumor 
agents  is  the  tissue  distribution  of  the  compound,  including  its  ability  to 
cross  the  blood-brain  barrier;  in  addition,  the  lymphatic  absorption  of  the 
compound,  its  biotransformation  and  its  rate  of  elimination  are  evaluated 
in  parallel  with  attempts  to  develop  a  model  for  its  pharmacokinetic  behav- 
ior. These  studies  require  in  many  instances  the  development  of  new  analyt- 
ical methodologies  to  facilitate  pharmacologic  studies  of  antineoplastic 
agents  whose  disposition  and  metabolic  fate  is  not  fully  understood. 

Other  studies  in  the  Laboratory  of  Chemical  Pharmacology  are  concerned  with 
the  development  of  novel  approaches  and  combined  modality  regimens  for 
tumor  therapy,  the  rational  design  of  new  antitumor  agents,  evaluation  of 
chemotherapeutic  agents  in  various  model  tumor  systems,  and  characterization 
of  the  transport  properties  of  the  blood-brain-CSF  system.  Efforts  are 
also  underway  to  define  the  time-course  of  chemically-induced  liver  and 
ovarian  tumors,  to  characterize  the  toxicity  of  new  antitumor  agents,  and 
to  develop  methods  of  reversing  their  toxicity. 

During  the  past  year,  studies  on  the  pharmacology  and  metabolism  of  a 
number  of  antitumor  agents,  including  m-AMSA,  misonidazole,  desmethyl- 
misonidazole,  dihydroxyanthracenedione  and  thymidine  have  been  carried  out. 
Studies  with  m-AMSA  have  revealed  extensive  and  rapid  biliary  excretion  in 
rats;  the  principle  biliary  metabolite  has  been  isolated  and  purified,  and 
its  structure  elucidated  by  proton  magnetic  resonance  spectroscopy.  The 
metabolite,  m-AMSA-S' -glutathione,  was  synthesized  and  was  found  to  form 
the  9-acridine-thioether  of  glutathione  in  the  presence  of  excess  glutath- 
ione.  The  finding  that  the  principle  biliary  metabolite  of  m-AMSA  involves 
glutathione  bound  to  the  9-anilino  ring  suggests  that  m-AMSA  may  be  bioact- 
ivated  in  vivo  to  m-AQDI  (N' -methanesulfonyl-N, '-(9-acridinyl )-3'-methoxy- 
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2' ,5'-cyclohexadiene-1 ' ,4'-diimine).  Studies  on  the  microsomal  metabolism 
of  m-AMSA  in  vitro  demonstrated  two  products  (M-AQDI  and  m-AQI)  which  were 
identified  by  mass  spectral  analysis.  Both  of  these  compounds  were  synthe- 
sized and  were  found  to  react  spontaneously  with  proteins  to  form  covalently 
bound  compounds.  m-AQI  was  found  to  react  with  calf  thymus  DNA  and  could 
not  be  removed  by  exhaustive  dialysis.  Cytotoxicity  experiments  utilizing 
L1210  cells  in  vitro  demonstrated  that  m-AQDI  and  m-AQI  were  considerably 
more  toxic  than  m-AMSA,  whereas  the  m-AMSA-GSH  conjugate  was  not  cytotoxic. 
These  studies  indicate  that  m-AMSA  may  be  bioactivated  in  vivo  to  a  highly 
reactive  quinoidal  intermediate  which  could  react  with  critical  macromole- 
cules  resulting  in  cell  death,  or  with  non-critical  molecules  such  as  GSH 
resulting  in  detoxification  and  elimination. 

Exposure  of  intact  cells  to  m-AMSA,  m-AQDI  and  m-AQI  results  in  single- 
strand  DNA  breaks  as  detected  on  alkaline  sucrose  gradients,  whereas  cells 
treated  with  a  similar  concentration  of  o-AMSA  show  very  few  small  DNA 
fragments.  Although  o-AMSA  is  relatively  non-toxic,  the  oxidation  products 
of  o-AMSA  (o-AQDI  and  o-AQI)  are  similar  in  cytotoxic  activity  to  m-AQDI 
and  m-AQI.  The  possibility  that  the  inactivity  of  o-AMSA  may  be  related  to 
its  inability  to  be  activated  intracellularly  is  being  investigated.  All 
of  the  oxidized  species  (m-AQDI,  m-AQI,  o-AQDI,  o-AQI)  react  covalently 
with  various  nucleophiles.  Because  of  this  reactivity,  the  possibility  of 
a  covalent  interaction  with  DNA  is  under  investigation. 

Pharmacological  studies  of  misonidazole  during  Phase  I  clinical  studies 
using  an  iv  preparation  are  continuing  in  an  effort  to  attain  maximal  tumor 
levels  of  the  drug  with  a  minimum  total  dose  at  the  time  of  radiation 
treatment  and  to  minimize  total  tissue  time  of  exposure  to  the  drug.  The 
rate  of  misonidazole  uptake  into  tumor  tissue  after  iv  administration  was 
studied  in  two  melanoma  patients  by  obtaining  serial  excisional  biopsies  of 
entire  tumor  nodules.  Maximum  tumor  levels  of  misonidazole  were  attained 
20  min  and  10  min  after  iv  administration  of  the  drug  and  the  levels  aver- 
aged 80%  of  those  measured  in  the  plasma  at  the  same  time  point.  These 
data  suggest  that  maximum  tumor  levels  of  misonidazole  occur  much  earlier 
after  iv  administration  than  after  oral  administration  of  the  drug.  Increa- 
sed metabolism  and  plasma  clearance  of  misonidazole  due  to  microsomal 
enzyme  induction  was  suggested  by  a  decreased  plasma  elimination  half-life 
in  patients  who  were  receiving  both  phenytoin  and  misonidazole  (45%  < 
controls).  Further  studies  in  the  rat  showed  an  increased  rate  of  metabol- 
ism following  pretreatment  with  either  phenytoin  (150%  >  controls)  or 
phenobarbital  (300%  >  controls).  The  variation  in  plasma  elimination  of 
misonidazole  in  man  due  to  increased  metabolism  only  slightly  affected  the 
predicted  maximum  tumor  level  of  misonidazolde  and  time  at  which  it  was 
reached  following  either  iv  or  oral  administration.  However,  it  did  reduce 
the  area  under  the  plasma  time  curve  (63%  <  controls).  To  establish  whether 
increased  metabolism  of  misonidazole  will  reduce  toxicity,  studies  are 
planned  in  which  patients  will  receive  phenytoin  prior  to  treatment  with 
misonidazole. 

Desmethyl-misonidazole,  a  metabolite  of  misonidazole,  is  also  an  effective 
radiosensitizer  and  is  less  toxic  in  mice  than  misonidazole.  In  anticipa- 
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tion  of  Phase  I  clinical  trials,  the  pharmacokinetics  of  desmethyl-misonida- 
zole  was  studied  in  dogs  after  both  oral  and  iv  administration.  The  results 
of  these  studies  showed  that  following  iv  administration  the  drug  was 
rapidly  distributed  (mean  t-1/2  =  2  min)  into  an  apparent  volume  of  distri- 
bution (Vss  -  762  ml/kg)  similar  to  that  observed  for  iv  administered 
misonidazole  in  the  same  species.  The  plasma  elimination  half-time  averaged 
2.6  hrs  as  compared  to  4.8  hrs  as  reported  for  oral  misonidazole  in  dogs. 
Urinary  recovery  of  desmethyl -misonidazole  averaged  38%  of  the  dose. 
Following  oral  administration,  desmethyl-misonidazole  was  rapidly  absorbed 
and  reached  maximum  plasma  levels  after  1  hr.  Absolute  bioavailability  of 
the  drug  following  oral  administration  was  determined  to  be  70%. 

Dihydroxyanthracenedione  (DHAD)  is  presently  undergoing  Phase  I  clinical 
evaluation.  Disposition  studies  with   C-DHAD  were  initiated  in  rats  to 
provide  additional  pharmacologic  data  to  aid  in  the  clinical  use  of  this 
compound.  Plasma  radioactivity  disappearance  curves  fit  a  two  compartment 
open  model.  The  elimination  half-life  of  the  B  phase  was  2  hours  following 
the  0.5  mg/kg  dose  but  was  5.5  hours  following  the  3  mg/kg  dose,  indicating 
saturation  of  elimination  processes.  Radioactivity  was  excreted  in  urine 
and  feces  in  equal  amounts.  Negligable  amounts  of  radioactivity  were  found 
in  expired  air.  Binding  of  DHAD  or  metabolites  to  cellular  materials  was 
prolonged,  since  significant  amounts  of  radioactivity  were  found  in  most 
tissues  up  to  14  days  after  administration.  Accordingly,  plasma  disappear- 
ance kinetics  indicated  a  large  volume  of  distribution.  Attempts  to  separ- 
ate parent  DHAD  from  possible  metabolites  were  not  successful.  An  HPLC 
technique  for  assaying  DHAD  has  been  developed  and  will  be  used  in  future 
studies  to  quantitate  the  distribution  of  parent  DHAD  and  to  search  for 
metabol ites. 

Studies  on  the  pharmacokinetics  of  thymidine,  as  well  as  of  the  feasibility 
of  using  this  compound  in  vivo  as  a  cancer  chemotherapeutic  agent,  have 
been  continued  and  extended.  Improvements  in  the  methods  for  extracting 
nucleosides  from  biologic  fluids  and  tissues,  and  in  the  HPLC  system  used 
for  resolution  and  quantification  of  thymidine,  thymine,  deoxycytidine  and 
other  nucleosides  have  been  effected.  The  LDr^  for  thymidine  given  as  a 
single  ip  injection  is  4700  mg/kg.  The  toxicTty  of  sub-lethal  doses  of 
thymidine  is  increased  by  the  diuretic  furosemide,  whereas  thymidine  tox- 
icity is  reduced  when  it  is  administered  in  an  aqueous  solution  made  hyper- 
tonic to  plasma  with  NaCl .  Nontoxic  doses  of  thymidine  were  cleared  rapidly 
from  the  plasma  and  thymidine  concentrations  were  \/ery   low  by  20  hours.  In 
contrast,  toxic  doses  of  thymidine  resulted  in  thymidine  concentrations 
close  to  10  millimolar  for  about  20  hours. 

Thymidine  at  millimolar  concentrations  suppresses  growth  of  L1210  in  vitro, 
but  such  effects  have  not  yet  been  demonstrated  in  vivo.  This  may  be  due 
to  the  difficulty  of  producing  sustained  high  plasma  concentrations  of 
thymidine  in  vivo.  High  and  constant  thymidine  plasma  concentrations  have 
recently  been  achieved  by  administering  large  volumes  of  thymidine  solutions 
intraperitoneally  in  situations  in  which  osmolarity,  injection  fluid  volume 
and  dosing  schedule  are  closely  controlled;  the  effects  of  high  plasma 
thymidine  concentrations  are  being  evaluated  in  vivo  in  mice  bearing  L1210 
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leukemia  and  jji  vitro. 

The  distribution  of  antitumor  agents  and  other  model  compounds  between 
blood,  brain  and  cerebrospinal  fluid  (CSF)  has  been  evaluated  in  rats, 
rabbits,  and  rhesus  monkeys.  Some  of  these  studies  have  been  performed 
utilizing  a  quantitative  autoradiographic  technique  which  makes  possible 
the  simultaneous  measurement  of  a  number  of  different  processes  in  the 
intact  animal.  Cgrebral-or  otherptissue  blood  flow  is  determined  from  the 
distribution  of   C-,  -i^  I-.  or    I-iodoantipyrine,  local  glucose  utiliza- 
tion by  the  uptake  of   C-2-deoxyglucose,  and  protein  turnover  by  the 
accumulation  of   C-leucine.  Measurements  of  capillary  and  cellulag;  per- 
meability are  made  with  a  number  of  physiological  markers  such  as   C-a- 
aminoisobutyric  acid  (AIB),   C-sucrose,  and   KCl . 

Studies  with   C-misonidazole  in  rats  bearing  RT-9  tumors  implanted  in  both 
the  flank  and  brain  have  shown  that  misonidazole  is  rapidly  taken  up  in  the 
viable  areas  of  the  flank  tumors  but  slowly  distributes  into  the  necrotic 
and  hypoxic  parts  of  these  masses.  It  is  suspected  that  the  misonidazole 
distribution  found  in  the  flank  tumors  reflects  the  local  rates  of  blood 
flow  and  that  a  blood  flow  marker  such  as  lAP  would  produce  a  similar 
pattern  in  this  system.  The  distribution  of  misonidazole  in  the  intracran- 
ial RT-9  tumor  masses  and  the  adjacent  brain  tissue  also  seemed  to  parallel 
the  lAP  and  blood  flow  patterns. 

14 
Preliminary  rat  data  with   C-AZQ  indicates  that  the  transfer  of  the  labelled 

material  from  blood  to  CNS  was  slow  despite  the  drug's  relatively  high 

lipid  solubility.  Since  these  experiments  were  done  in  awake  rats  for 

periods  of  less  than  three  minutes,  the  CNS  radioactivity  probably  represents 

parent  compound  distribution  and  not  that  of  labelled  metabol ite(s).  ti- 

water  was  used  in  these  studies  as  a  blood  flow  marker.  The  uptake  of  H- 

water  appeared  to  be  normal,  indicating  that  the  slow  uptake  of   C-AZQ 

apparently  is  not  a  result  of  diminished  cerebral-, blood  flow.  Other  possible 

explanations  for  this  unexpected  distribution  of   C-AZQ  are  being  sought 

by  further  experimentation  with  rats  and  dogs.  An  evaluation  of  the  ability 

of  AZQ  to  enter  the.CSF  of  the  rhesus  monkey  was  completed.  Four  monkeys 

were  treated  with   C-AZQ  and  samples  of  CSF  were  obtained  from  the  4th 

ventricle  through  permanently  implanted  Ommaya  reservoirs.  Radioactivity 

in  the  CSF  was  found  to  reach  30-40%  of  serum  concentrations  at  1  hour 

following  the  intravenous  administration  of  the  drug.  The  decline  in 

plasma  radioactivity  was  apparently  triphasic  with  t-l/2's  of  0.5,  1.8,  and 

90  hours.  TLC  analysis  of  chloroform  extracts  of  plasma  and  CSF  showed 

that  2  hours  after  dosing  only  29%  of  the  radioactivity  in  the  plasma 

extract  had  the  R^  of  parent  AZQ  while  79%  of  the  radioactivity  in  the  CSF 

was  associated  with  unchanged  AZQ. 

Studies  on  the  CSF  pharmacokinetics  of  m-AMSA  are  being  carried  out  in 
rhesus  monkeys  implanted  with  Ommaya  reservoirs.   Initial  studies  in  which 
m-AMSA  was  given  intravenously  revealed  poor  CSF  penetration  with  CSF 
concentrations  never  exceeding  2-4%  of  blood  levels.   Intraventricular 
administration  of  50  pg  of  m-AMSA  revealed  no  acute  toxicity  to  the  raonkey 
and  measurement  of  the  CSF  revealed  peak  concentrations  of  2-4  x  10"  M  m- 
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AMSA.  These  concentrations  are  known  to  be  cytotoxic  to  cells  in  culture. 
Two  hours  after  intraventricular  administration,  m-AMSA  concentration  in 
the  4th  ventricle  fell  to  approximately  5  x  10"  M.  Work  is  underway  to 
evaluate  the  response  of  monkeys  to  doses  of  500  yg  intraventricularly  and 
to  determine  CSF  levels  of  m-AMSA  when  the  drug  is  given  by  lumbar  puncture. 

In  conjunction  with  studies  on  the  distribution  of  chemicals  between  blood, 
brain  and  CSF,  pathophysiological  investigations  on  three  brain  tumor 
models  (a  Walker  256  metastatic  carcinoma,  an  ENL'-induced  primary  brain 
tumor,  and  a  tumor  produced  by  implanting  a  suspension  of  RT-9  tumor  cells 
into  the  brain  of  rats)  have  been  performed.  Quantitative  autoradiographic 
studies  of  blood  flow  have  been  carried  out  in  the  Walker  256  rat  metastatic 
brain  tumor  model.  Blood  flow  was  about  10%  of  normal  in  necrotic  foci 
within  large  (2-5  mm  diameter)  tumors,  around  20%  of  normal  in  viable  areas 
around  these  necrotic  foci,  and  20-40%  of  normal  at  the  periphery  of  these 
tumors.  In  the  brain  tissue  adjacent  to  these  large  tumors,  blood  flow  was 
50-75%  of  normal.  In  various  small  cortical  tumors,  the  blood  flows  were 
identical  to  the  control  gray  matter  values  (74-176  ml/100  g-min).  The  AIB 
transfer  constant  for  the  large  masses  was  about  ten  times  higher  than 
normal  in  the  necrotic  areas,  10-30  times  higher  than  normal  in  the  surround- 
ing viable  areas,  and  3-9  times  higher  at  the  peripheral  edge.  The  K^'s  of 
AIB  in  the  small  tumors  were  all  normal  (0.3  ml/100  g-min).  Relative 
glucose  utilization  (RGU)  rates  were  also  determined  in  the  Walker  256 
model.  In  the  necrotic  foci  of  the  large  tumors  RGU  was  nearly  zero, 
whereas  in  the  viable  and  peripheral  areas  of  these  masses  RGU  was  normal 
to  twice  normal.  Very  high  RGU  rates  were  found  in  all  of  the  small  tumors. 

The  ENU  induced,  well-differentiated  oligodendrogliomas  had  blood  flows 
similar  to  or  slightly  less  than  those  measured  for  normal  white  matter. 
No  necrotic  centers  were  observed  in  this  tumor  model.  Blood  flows  in  the 
surrounding  brain  tissue  appeared  to  be  normal.  For  this  oligodendroglioma 
model,  the  K-  values  for  AIB  were  similar  and  normal  for  both  the  large  and 
small  tumors^and  the  surrounding  brain  tissue.  The  RGU  rates  within  the 
large  and  small  oligodendrogliomas  were  the  same  as  or  slightly  higher  than 
those  of  normal  white  matter  from  the  contralateral  hemisphere. 

Two  putative  ways  of  "opening"  the  blood-brain  barrier  were  investigated. 
One  of  them,  the  inhalation  of  20%  CO^  for  30  minutes  to  2  hours,  was  stud- 
ied by  both  quantitative  autoradiography  and  conventional  double  label 
tracer  detection.  No  detectable  increase  in  blood-brain  barrier  permeability 
following  inhalation  of  CO^  was  found,  indicating  that  increased  uptake  of 
drugs  would  not  occur  in  response  to  either  moderate  or  severe  hypercapnia. 
On  the  other  hand,  opening  the  blood-brain  barrier  with  arterial  infusions 
of  hyperosmotic  solutions  seems  to  be  quite  feasible.  Quantitative  auto- 
radiographic investigations  of  the  blood-to-brain  transport  of   C-AIB 
following  an  intracarotid  infusion  of  1.6  M  arabinose  were  done  in  rats. 
At  three  minutes  after  the  hyperosmotic  infusion,  the  K.  of  AIB  increased 
from  4-30  times  the  normal  value.  At  this  time  there  were  marked  regional 
and  subregional  variations  in  the  degree  of  opening,  with  most  gray  matter 
areas  being  more  altered  than  white  matter.  Within  10  minutes  from  the 
infusion,  most  CNS  regions  had  AIB  K.'s  from  2-7  times  normal.  The  K- 
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values  for  AIB  continued  to  decline  with  time  and  by  two  hours  were  normal. 
These  findings  indicate  that  osmotic  opening  of  the  blood-brain  barrier  can 
be  caused  by  this  procedure  and  suggest  that  the  uptake  of  drugs  during  the 
open  period  might  be  increased,  with  the  greater  enhancement  occurring  in 
cortical  and  other  gray  matter  areas. 

Studies  on  the  role  of  the  lymphatic  system  in  the  absorption  and  distribu- 
tion of  antitumor  agents  and  other  model  substances  have  been  carried  out 
in  rats.  Most  antitumor  agents  do  not  enter  lymphatic  channels  readily 
when  given  by  oral  or  iv  routes,  although  lymphatics  appear  to  be  an  import- 
ant pathway  for  the  absorption  of  some  substances  from  the  peritoneal 
cavity.  Such  substances  include  tumor  cells,  some  high  molecular  weight 
compounds  and  particulate  matter  such  as  liposomes.  Studies  on  the  lymphatic 
absorption  of  free  versus  liposome-encapsulated  adriamycin  administered  ip 
to  rats  revealed  that  liposomal  encapsulation  enhanced  uptake  of  adriamycin 
by  lymph  channels  and  its  concentration  by  lymph  nodes.  In  contrast,  when 
liposome-encapsulated  adriamycin  was  administered  iv,  the  drug  concentration 
in  lymph  nodes  resembled  that  found  after  dosing  with  free  adriamycin. 
These  results  raise  the  possibility  of  attaining  increased  drug  concentra- 
tions in  lymph  channels  and  in  lymph  nodes  by  utilizing  the  ip  route  for 
drug  administration;  moreover,  they  indicate  that  liposomal  encapsulation 
further  increases  drug  uptake  into  lymphatic  channels  and  lymph  nodes  foll- 
owing ip,  but  not  iv,  dosing.  Two  rat  tumor  models  for  lymph  node  metasta- 
sis. Walker  256  carcinoma  and  13762  mammary  carcinoma,  have  been  developed 
in  order  to  assess  the  effects  of  liposome-encapsulated  antitumor  agents 
against  lymphogenous  metastasis. 

The  plasma  clearance,  tumor  uptake,  and  chemotherapeutic  effects  of  metho- 
trexate encapsulated  in  heat-labile  liposomes  have  been  evaluated  in  mice 
bearing  LI 210  cells  implanted  in  each  hind  foot.  Encapsulated  H-MTX  was 
cleared  from  plasma  more  rapidly  when  one  foot  was  subjected  to  local 
hyperthermia,  suggesting  that  MTX  was  released  from  liposomes  in  the  small 
fraction  of  blood  circulating  through  the  heated  foot.  Heated  tumors 
contained  14-fold  higher  levels  of  MTX  than  did  unheated  tumors,  and  chemo- 
therapy studies  revealed  that  liposome-encapsulated  MTX  caused  a  greater 
tumor  growth  delay  than  did  an  equivalent  concentration  of  MTX  with  or 
without  heating.  Moreover,  heating  alone  of  the  tumor  to  42  for  1  hr 
delayed  tumor  growth  for  about  0.7  days,  whereas  heating  increased  by  about 
2.8  days  the  growth  delay  observed  with  heat-sensitive  liposomes  containing 
MTX.  The  non-additive  effect  (about  2,1  days)  corresponds  to  an  extra  cell 
kill  of  4-  to  16-fold. 

The  kinetics  and  pharmacologic  effects  of  polymer  linked  antitumor  agents 
are  under  evaluation.  The  synthetic  polymer  used,  di vinyl  ether  maleic 
acid  (DIVEMA),  was  chosen  because  of  its  known  immune  stimulating  proper- 
ties; the  antitumor  agents  used  were  MTX  and  activated  sulfhydryl  deriv- 
atives of  cyclophosphamide. 

MTX  attached  via  the  pteridine  ring  to  a  carboxylic  group  of  DIVEMA  showed 
a  three  fold  increase  in  toxicity  when  compared  to  MTX  alone.  It  also 
showed  an  increased  antitumor  action  in  both  LI 210  and  Lewis  lung  carcinoma 


508 


in  mice  but  in  vitro  hydrolytic  problems  made  evaluation  very  difficult. 
For  this  reason  an  alternate  covalent  linkage  through  the  glutamic  acid  end 
of  the  MTX  molecule  to  DIVEMA  was  synthesized  and  this  substance  was  much 
more  hydrolytically  stable  in  aqueous  medium.  Tests  in  the  L1210  system  in 
vivo  indicated  that  this  substance  at  maximum  tolerable  doses  gave  only  a 
one-half  log  cell  kill  compared  to  a  two  log  cell  kill  with  MTX  plus  DIVEMA. 

Studies  with  cyclophosphamide  derivatives  have  involved  extensive  evaluation 
of  the  monomeric  sulfhydryl  derivatives  themselves  and  comparative  evaluat- 
ion of  these  agents  when  linked  to  the  polymer  DIVEMA.  The  sulfhydryl 
derivatives  of  cyclophosphamide  spontaneously  revert  to  4-OH-cyclophospha- 
mide  and  thus  bypass  enzymatic  activation  by  liver  microsomes,  an  in  vivo 
action  essential  for  antitumor  activity.  Two  derivatives,  4-S-(hexane-6- 
ol )-sulfidocyclophosphamide  and  4-S-(propionic  acid)-sulfidocyclophospha- 
mide  were  evaluated  for  their  cytotoxicity  and  DNA  damaging  effects  against 
LI 210  cells  in  vitro.  Their  effects  were  compared  with  those  of  phosphor- 
amide  mustard,  the  alkylating  species  formed  by  4-OH  cyclophosphamide 
decomposition.  All  three  compounds  yielded  colony  survival  curves  of 
similar  shape.  The  sulfide  compounds  were  four  times  more  potent.  DNA 
crosslink  formation  and  removal  kinetics  were  also  similar  with  similar 
differences  in  potency,  indicating  that  cell  killing  may  be  mediated  by  DNA 
crosslinking.  These  derivatives  therefore  are  valuable  for  the  study  of 
the  molecular  mechanism  of  action  of  cyclophosphamide  without  the  necessity 
of  prior  enzymatic  activation.  These  two  derivatives  were  also  evaluated 
for  antitumor  action  in  vivo  against  L1210  ascites  and  solid  Lewis  lung 
carcinoma.  Both  derivatives  produced  large  cell  kills  (5  to  6  logs)  of 
L1210  ascites  tumor,  which  were  comparable  to  that  obtained  with  cyclophos- 
phamide. In  vivo  toxicity  of  the  propionic  acid  derivative  administered  ip 
was  manifested  by  liver  atrophy  with  fibrosis  of  hepatic  capsular  structures 
and  severe  muscular  spasms  with  acute  lethality.  The  data  indicate  no 
therapeutic  advantage  in  LI 210  and  Lewis  lung  tumors  of  these  derivatives 
over  cyclophosphamide. 

For  monomeric  compounds,  chain  length  and  rate  of  hydrolysis  were  related 
to  toxicity;  however,  for  the  polymeric  derivatives  toxicity  was  a  function 
of  slow  hydrolysis  rate,  as  was  the  case  with  DIVEMA-MTX.  It  appears  that 
DIVEMA  directs  the  antitumor  agent  to  sensitive  normal  tissue  rather  than 
specifically  to  the  tumor.  Although  DIVEMA  does  not  appear  to  be  useful 
when  covalently  bound  to  antitumor  agents  it  does  have  immunestimulating 
properties  when  used  alone.  When  given  together  with  killed  L1210  cells  it 
prevents  the  subsequent  take  of  L1210  cells  in  mice,  whereas  killed  L1210 
cells  alone  will  not  do  this.  Therefore  DIVEMA  may  be  useful  combined  with 
an  antitumor  agent  which  produces  a  high  log  cell  kill  but  is  too  toxic  to 
result  in  cures. 

Studies  have  recently  been  initiated  on  the  ability  of  antitumor  agents  to 
alter  the  availability  of  endogenous  compounds  which  in  turn  may  influence 
the  toxic  effects  of  the  agent  at  the  tumor  site.  Using  a  reverse  phase 
HPLC  assay  for  uridine  developed  in  this  laboratory  it  was  found  that  serum 
uridine  levels  in  humans,  rats  and  mice  are  relatively  constant  for  each 
species,  suggesting  that  a  regulatory  mechanism  exists  in  vivo  for  maintain- 
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ing  these  levels.  In  conjunction  with  Phase  I  and  continuing  trials  of 
PALA,  serum  uridine  levels  were  measured  in  patients  receiving  maximally 
tolerated  doses  of  PALA  (1000  to  2000  mg/sq  m/day).  For  the  five  patients 
studied,  the  predose  serum  uridine  levels  ranged  from  2.6-6.4  nmol/ml,  well 
within  the  normal  range  of  1.9-8.9  nmol/ml.  All  serum  uridine  levels 
decreased  during  the  first  24  hours  after  the  first  dose  of  PALA,  but  the 
fall  was  variable  (7-65%).  Uridine  levels  in  all  five  patients  remained 
below  pre-dose  levels  with  the  greatest  fall  occurring  at  differing  time 
points  and  ranging  between  37  and  85%.  Only  at  a  few  time  points  did  the 
serum  uridine  level  fall  below  the  previously  determined  normal  value  of 
1.9  nmol/ml.  Only  one  patient  showed  a  consistent  daily  decrease  in  serum 
uridine  concentrations  and  was  also  the  only  patient  to  demonstrate  a 
significant  clinical  response  to  the  drug.  PALA  appears,  therefore,  to 
have  only  a  limited  reductive  effect  on  human  serum  uridine  levels. 

The  effect  of  inhibitors  of  the  de  novo  pyrimidine  biosynthetic  pathway  on 
circulating  uridine  and  total  liver  uridine  (uridine  plus  uracil  nucleo- 
tides and  uridine  diphosphate  sugars)  was  measured  in  mice.  Uridine  is 
known  to  reverse  the  antitumor  and  toxic  effects  of  PALA,  pyrazofurin,  and 
6-azauridine,  and  the  liver  has  been  suggested  as  a  source  of  circulating 
uridine.  Mice  were  given  PALA.  pyrazofurin  or  6-azauridine  by  ip  injection, 
and  liver  and  serum  samples  were  assayed  at  1  to  24,  48,  72  and  96  hours. 
With  PALA,  serum  levels  fell  to  55-65%  of  normal  at  24  hours  and  remained 
depressed;  liver  levels  were  reduced  by  50-60%  from  normal  values.  Pyra- 
zofurin produced  a  90-100%  increase  in  serum  uridine  at  4-24  hours,  after 
which  serum  levels  fell  to  slightly  below  normal.  Pyrazofurin  treated 
livers  decreased  30%  at  8-24  hours  with  other  timepoints  being  close  to 
normal.  6-Azauridine  treated  animals  had  serum  uridine  levels  which  varied 
by  50%  or  less  from  normal  values;  however,  liver  levels  increased  by  60% 
at  8-24  hours  and  remained  elevated.  When  PALA  was  injected  daily  for  13 
days,  serum  levels  remained  at  30%  of  normal  from  day  9-14.  The  lack  of 
large  effects  by  these  inhibitors  of  de  novo  pyrimidine  indicates  that 
their  antitumor  effectiveness  is  not  dependent  upon  their  decreasing  serum 
levels  of  preformed  uridine  available  for  rescue  via  the  salvage  pathway. 

Another  area  of  research  involves  a  search  for  substances  which  activate 
macrophages  and  studies  on  the  mechanism  by  which  this  activation  takes 
place.  Several  agents  tested  for  macrophage  tumoricidal  activating  capacity 
produced  >  60%  tumoricidal  activity  (poly  ICLC,  lentinan,  thymopoeiten 
fractions,  5  maleic  anhydride  divinyl  ether  analogs,  glucan,  and  human 
chorionic  gonadotropin).  The  sub-population  of  cells  which  possesses 
inherent  tumoricidal  activity,  the  natural  killer  (NK)  cells,  was  also 
examined  to  determine  whether  their  activity  could  be  enhanced  by  agents 
that  were  found  to  increase  macrophage  tumoricidal  activity.  Interferon, 
maleic  anhydride  divinyl  ether  (MVE),  poly  ICLC,  and  human  chorionic  gonado- 
tropin, enhanced  NK  cell  activity  against  two  tumor  cell  lines.   Interferon 
appears  to  be  the  direct  activating  factor  for  enhancement  of  both  macro- 
phage and  NK  cell  tumoricidal  activity,  since  such  activity  was  neutralized 
by  gamma  globulin  antibody  to  interferon.  Studies  conducted  to  determine 
the  mechanism(s)  of  interferon  tumoricidal  activity  indicated  that  treatment 
either  with  interferon  or  with  MVE  activated  peritoneal  macrophages  to 
exert  the  tumoricidal  effect  observed.  Prostaglandins  exert  a  regulatory 
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action  on  macrophage  tumoricidal  activity  by  a  feedback  inhibition  mechanism 
in  which  the  slow  production  of  prostaglandins  E^  or  Eg  results  in  a  reduc- 
tion of  macrophage  tumoricidal  activity. 

A  semi -quantitative  in  vitro  assay  was  established  with  human  monocytes, 
derived  from  normal  volunteers  and  several  cancer  patients,  to  determine 
whether  human  monocytes  could  be  activated  to  exert  an  enhanced  tumoricidal 
activity  against  a  human  lymphoma  tumor  cell  line  (Raji  cell).  When  exposed 
to  human  interferon  (fibroblastic)  or  to  MVE  and  BruPel  (both  interferon 
inducers)  an  enhanced  tumoricidal  effect  was  attained.  This  may  be  a 
predictive  model  for  assessing  agents  for  potential  use  as  immunoadjuvants 
in  combined  treatment  of  human  cancer  and  to  assess  the  role  of  interferon 
in  human  tumors. 

The  natural  killer  (NK)  activity  of  an  allogeneic  tumor  system  was  found  to 
be  enhanced  by  the  total  splenic  population  of  either  pregnant  or  normal 
female  BALB/c  mice  treated  with  human  chorionic  gonadotropin  (HCG)  over 
those  values  detected  for  the  nonpregnant,  untreated  controls.  The  splenic 
population  of  the  early  pregnant  (9-10  days)  mice  resulted  in  a  statisti- 
cally significant  increase  in  NK  activity  over  nonpregnant  controls  at  all 
effector/target  ratios  tested.  The  mid  (12-13  days)  and  the  late  (15-16 
days)  pregnant  groups  also  significantly  enhanced  NK  activity  above  control 
values  at  effector/target  ratios  of  100:1,  50:1  and  25:1.  The  iv  adminis- 
tration of  carrageenan  into  pregnant  mice  abolished  the  increased  NK  activ- 
ity suggesting  a  role  for  the  macrophage  in  this  system.  HCG  administered 
to  normal  female  BALB/c  mice  resulted  in  enhanced  NK  activity  similar  to 
that  seen  for  the  pregnant  mice.  This  augmented  NK  activity  does  not 
appear  to  be  affected  by  either  the  number  or  timing  of  the  HCG  administrati- 
on. The  augmentation  of  NK  activity  of  HCG-treated  mice  was  also  detected 
in  a  syngeneic  system  utilizing   Cr  labeled  M109  tumor  target  cells  and 
BALB/c  effector  cells. 

Studies  of  the  human  natural  killer  (NK)  lymphocyte  system  have  shown 
blockade  of  NK  activity  against  tumors  by  phorbol  di ester  tumor  promoters. 
Of  eleven  compounds  tested  an  excellent  correlation  was  found  between 
the  enhancement  of  chemical  carcinogenesis  in  the  mouse  epidermal  system 
and  the  blockade  of  NK  activity  of  human  lymphocytes.  The  most  potent 
tumor  promoter,  12-o-tetradecanoyl -phorbol -13-acetate  (TPA),  stimulates 
resting  monocytes  to  suppress  NK  lymphocytes,  possibly  via  superoxide 
anions.  Since  NK  lymphocytes  are  felt  to  mediate  genetic  resistance  to 
bone  marrow  allografts,  as  well  as  natural  resistance  to  several  hemato- 
poietic malignancies,  these  findings  should  be  applicable  to  both  cancer 
treatment  and  cancer  prevention. 

The  mechanism  of  action  of  tumor  promoters  has  remained  controversial, 
especially  in  terms  of  molecular  events  in  cells  of  human  origin.  Recently, 
a  specific  receptor  for  TPA  in  normal  human  peripheral  mononuclear  cells 
and  the  human  erythroleukemia  cell  line  K562  was  identified.  In  the  case 
of  normal  mononuclear  cells,  the  receptor's  pattern  of  binding  affinity  and 
specificity  for  different  phorbol  analogs  parallels  NK  blocking.  Specific 
receptors  for  foreign  compounds  with  potent  biological  activity  are  usually 
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part  of  a  normal  physiologic  mechanism.  The  opiate  receptor,  for  example, 
is  actually  the  receptor  for  the  endorphins,  a  class  of  oligopeptide 
neurotransmitters.  Further  analysis  of  behavior  of  the  TPA  receptor  in 
normal  human  mononuclear  cells  and  tumors  may  identify  the  physiologic 
mechanism  through  which  tumor  promoters  affect  human  cells.  To  date  TPA 
receptors  have  been  identified  in  chick  embryonic  fibroblasts  and  cultured 
mouse  epidermal  cell  lines  by  other  investigators. 

In  another  area  of  investigation  the  ability  of  some  chemicals  to  induce 
neoplastic  cells  to  differentiate  is  being  examined.  The  chemicals  tested 
include  dimethyl  sulfoxide  (DMSO),  butyric  acid  (BA)  and  hexamethylene 
bisacetamide  (HMBA).  The  response  to  these  chemicals  of  2  cell  lines  (McA- 
RH  7777  and  8894)  has  been  evaluated  in  terms  of  their  rates  of  production 
of  a-fetoprotein  (AFP),  albumin  (ALB),  and  transferrin  (TF).  DMSO  treat- 
ment produced  a  decrease  in  all  3  proteins  in  line  7777,  whereas  it  increas- 
ed ALB  and  TF  production  in  8894.  The  production  of  all  3  proteins  was 
stimulated  by  BA  in  both  cell  lines.  HMBA  treatment  resulted  in  decreased 
production  of  the  proteins  by  7777  and  increased  production  by  8894.  It  is 
concluded  that  both  DMSO  and  BA  can  enhance  the  expression  of  differen- 
tiated functions  of  the  hepatoma  cell  and  that  DMSO  at  the  same  time  can 
suppress  the  expression  of  an  oncofetal  function.  However,  neither  DMSO 
nor  BA  is  selective  in  its  effects  on  specific  genes  (i.e.  normal  adult  vs. 
oncofetal  genes)  and  it  appears  that  their  effects  may  be  the  result  of  a 
more  general  phenomenon,  the  expression  of  which  may  be  related  to  the 
stage  of  differentiation  of  the  cell.  HMBA,  a  known  inducer  of  cell  differ- 
entiation in  other  in  vitro  systems,  affects  the  expression  of  both  onco- 
fetal gene  products~TAFP)  and  adult-type  products  (ALB  and  TR)  in  opposite 
ways  in  these  two  rat  hepatoma  cell  lines,  possibly  indicating  that  the 
production  of  these  proteins  is  controlled  differently  in  the  two  lines. 

Several  aspects  of  the  toxicity  of  antitumor  agents  are  under  evaluation. 
The  mechanism  of  adriamycin-induced  cardiotoxicity  is  being  investigated  in 
a  recently  developed  in  vitro  system  utilizing  isolated  rat  myocytes. 
Heart  cells  are  isolated  after  a  30  minute  perfusion  of  the  intact  heart 
with  buffer  containing  collagenase  and  hyaluronidase.  Viability  of  cells 
in  the  final  preparation,  as  assessed  both  by  trypan  blue  exclusion  and  by 
the  spontaneous  contraction  of  the  cells,  ranges  between  70-90%;  the  myo- 
cyte will  continue  to  contract  for  approximately  70  minutes.  The  isolated 
cells  were  exposed  to  various  oncolytic  drugs  or  agents  known  to  be  cardio- 
toxic  in  vivo  to  assess  the  utility  of  this  system  in  evaluating  ADR 
cardiotoxicity.  High  concentrations  of  ADR  (100  ug/ml )  decrease  the  beating 
time  of  cells  to  less  than  5  minutes  (approximately  90%  reduction),  whereas 
more  dilute  concentrations  of  ADR,  such  as  1.0  yg/ml,  cause  only  a  15-20% 
reduction  in  beating  time.  5-Fluorouracil ,  methotrexate,  tetracycline,  and 
daunomycin  have  been  tested  at  concentrations  equal  to  the  highest  dose  of 
ADR  (approximately  1  x  10"  M),  but  only  adriamycin  and  daunomycin  affect 
the  beating  time  of  the  cells.  Ten  anthracycl ine  analogs  tested  in  this 
system  have  shown  wide  ranges  of  toxicity.  It  is  not  as  yet  possible  to 
attribute  the  observed  acute  changes  in  beating  times  of  isolated  myocytes 
to  a  chronic  cardiotoxic  effect  of  ADR,  but  the  observed  effects  suggest 
that  with  this  system  it  may  be  possible  to  rapidly  and  inexpensively 
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evaluate  the  cardiotoxicity  of  anthracycline  analogs. 

In  studies  on  the  toxicity  of  cis-DDP,  the  nephrotoxic  effects  of  the  drug 
were  correlated  with  pathologic  alterations  in  the  kidney  of  rats  treated 
with  single  and  multiple  doses  of  the  drug.  Platinum  (pt)  assays  on  kidney 
slices  from  the  treated  animals  indicated  that  the  corticomedullary  region 
accumulated  the  highest  concentration  of  pt,  correlating  with  the  micro- 
scopic evaluation  of  the  time  that  region  was  most  severely  damaged. 
Platinum  assays  on  isolated  subcellular  fractions  showed  that  70%  of  pt  was 
in  the  cytosol .  However,  nuclei  and  microsomes  each  contained  more  pt/mg 
protein  than  cytosol  at  24  hr.  Mitochondria  and  plasma  membranes  also 
contained  significant  amounts  of  pt  at  72  hrs.  When  tissue  pt  concentra- 
tions were  compared  between  the  kidney  and  the  liver,  the  renal  tissue 
accumulated  twice  as  much  pt  as  the  hepatic  tissue,  and  the  biological 
half-life  of  pt  was  longer  in  the  kidney  than  in  the  liver.  These  results 
corroborate  studies  by  other  investigators  which  suggest  that  cis-DDP  may 
interact  with  extranuclear  molecules  as  well  as  with  DNA,  and  that  inhibi- 
tion of  specific  enzymes  in  the  cytoplasm  by  cis-DDP  may  contribute  to  the 
impairment  of  function  of  renal  tubular  cells,  resulting  in  nephrotoxicity. 
Work  is  underway  to  identify  these  target  enzymes  or  proteins  in  the  kidney. 

Another  aspect  of  the  toxicity  of  antitumor  agents  is  related  to  their 
mutagenic  and  carcinogenic  effects.  The  diazo-amino  acid  derivatives, 
azaserine  (0-diazoacetyl-L-serine)  and  DON  (6-diazo-5-oxo-L-norleucine), 
have  been  found  to  inhibit  cell  growth  in  mammalian  and  microbial  systems, 
and  both  compounds  have  been  used  in  the  treatment  of  neoplastic  diseases. 
L-azaserine,  however,  is  known  to  cause  carcinoma  in  the  pancreas,  kidney, 
and  liver  of  the  rat,  and  is  a  directly  acting  mutagen  in  microbial  test 
systems.  Another  amino  acid  derivative,  MNCO  [N-(N-methyl-N-nitroso- 
carbamyl )-L-orni thine],  a  nitrosourea  derivative  of  ornithine,  is  also 
carcinogenic  in  rats,  but  was  not  found  to  be  mutagenic  in  the  Salmonella 
test  system.  The  mutagenic  effect  of  these  three  amino  acid  derivatives  in 
the  Salmonella  system  was  examined  with  respect  to  the  role,  if  any,  of 
metabolic  activation  in  their  mutagenic  potential.  Azaserine  and  MNCO,  but 
not  DON,  were  directly  mutagenic  in  strain  TA  100.  The  inclusion  of  either 
liver  or  pancreatic  S-9  fractions  in  the  mutagenesis  assay  did  not  signif- 
icantly increase  the  number  of  revertants  caused  by  azaserine  or  MNCO;  DON 
was  not  mutagenic.  The  mutagenic  potency  of  the  L-azaserine  was  about 
2000-fold  greater  than  that  of  D-azaserine,  although  the  maximum  number  of 
revertants  was  not  different  for  either  of  the  two  stereoisomers.  The 
quantitative  difference  in  the  mutagenicity  of  D-  and  L-azaserine  suggests 
that  transport  of  these  amino  acid  analogs  across  the  bacterial  cell  wall 
plays  a  major  role  in  determining  the  mutagenic  potency  of  the  stereoiso- 
mers although  a  very  small  contamination  of  the  D-isomer  with  the  L-isomer 
can  not  be  excluded. 

The  availability  of  a  large  breeding  and  experimental  monkey  colony  (540 
animals  representing  4  species)  continues  to  provide  this  laboratory  and 
other  cooperating  units  with  a  unique  resource  for  comparative  pharmacol- 
ogic, toxicologic,  biochemical,  and  carcinogenesis  studies.  The  carcino- 
genic effects  of  27  substances,  including  contaminants  of  human  foodstuffs. 
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rodent  carcinogens,  pesticides,  artificial  sweeteners  and  antineoplastic 
and  immunosuppressive  agents,  are  currently  being  evaluated.  Eighteen  of 
these  substances  have  not  as  yet  demonstrated  carcinogenic  activity,  al- 
though some  have  been  on  test  for  less  than  three  years.  Nine  of  the  test 
compounds  are  carcinogenic  in  non-human  primates,  producing  tumors  in  9.1- 
100%  of  the  treated  animals.  The  effects  of  six  of  the  nine  compounds 
(DENA,  DPNA,  1 -nitrosopiperidine,  aflatoxin  B-, ,  MAM-acetate  and  urethane) 
were  manifested  primarily  as  hepatocarcinogenicity. 

The  antitumor  agents  under  test  include  procarbazine,  melphalan,  azathio- 
prine,  MNU,  adriamycin  and  cyclophosphamide.  The  carcinogenic  potential  of 
procarbazine  in  3  species  of  non-human  primates  has  been  under  study  for  14 
years.  A  total  of  50  monkeys  have  survived  6  months  or  longer  after  the 
first  dose  of  drug.  Thirteen  of  the  41  monkeys  (26%)  necropsied  thus  far 
have  had  malignant  neoplasms,  seven  of  which  were  acute  leukemia.  Three 
monkeys  developed  osteogenic  sarcomas,  2  monkeys  developed  hemangiosarcomas, 
and  a  single  case  of  lymphocytic  lymphoma  was  found.  The  average  total 
dose  of  procarbazine  received  by  the  monkeys  developing  malignancies  was 
50.8  gm,  the  average  duration  of  procarbazine  treatment  was  86  months.  A 
number  of  the  toxic  effects  of  procarbazine  seen  clinically  are  also  noted 
in  the  monkeys,  including  vomiting  and  myelosuppression.  Its  most  striking 
toxic  effect,  however,  is  on  the  reproductive  system  of  the  males.  The 
majority  of  the  adult  males  necropsied  to  date  have  had  testicular  atrophy 
with  complete  aplasia  of  the  germinal  epithelium. 

Malignant  tumors  have  not  as  yet  been  detected  in  a  group  of  20  monkeys 
receiving  oral  doses  of  melphalan  or  in  a  group  of  24  monkeys  treated  with 
azathioprine.  The  studies  with  melphalan  and  azathioprine  have  been  under- 
way for  53  and  36  months,  respectively.  In  a  study  of  the  carcinogenic 
potential  of  MNU  a  total  of  43  monkeys  have  been  treated  by  the  oral  route 
for  periods  up  to  44  months.  Nine  of  the  19  monkeys  (47%)  necropsied  thus 
far  have  had  squamous  cell  carcinoma  (SCA)  of  the  mouth,  pharynx  and/or 
esophagus;  upper  digestive  tract  lesions  such  as  atrophy  or  dyskeratosis  of 
the  esophageal  mucosa  and  esophagitis  have  been  a  consistent  finding  among 
the  19  monkeys  necropsied  to  date.  The  tumors  developed  in  monkeys  ingesting 
cumulative  MNU  doses  averaging  120.0  gm  (range  53.2-180.6  gm)  over  an 
average  of  93  months  (range  57-133  months).  A  minimum  of  approximately  50 
gm  of  MNU  appears  necessary  for  tumor  induction  by  the  oral  route. 

The  potential  carcinogenicity  of  adriamycin  is  also  being  evaluated.  A 
group  of  10  monkeys  received  an  iv  dose  of  drug  (12  mg/m  )  once  each  month 
for  23-27  months.  At  the  end  of  the  dosing  period  it  was  intended  to  hold 
the  animals  under  observation  for  the  remainder  of  their  lives.  However, 
approximately  2  months  after  the  last  dose  of  adriamycin  8  of  10  animals 
developed  congestive  heart  failure  and  died  or  were  sacrificed.  One  of  the 
10  monkeys  developed  acute  myeloblastic  leukemia  and  the  10th  monkey  in 
this  series  is  alive  and  without  evidence  of  illness.  This  study  is  being 
repeated,  using  2  groups  of  10  monkeys  each;  the  monkeys  are  receiving 
monthly  iv  injections  of  adriamycin  at  2.4  and  4.8  mg/m  ;  dosing  will  be 
terminated  when  a  cumulative  dose  of  240  mg/m  is  attained. 
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A  study  on  the  potential  carcinogenicity  of  cyclophosphamide  in  nonhuman 
primates  was  initiated  recently.  It  is  being  administered  orally,  5 
days  every  week,  to  monkeys  beginning  at  6-7  months  of  age. 

One  of  many  studies  being  performed  as  an  adjunct  to  the  monkey  carcinogen- 
esis project  pertains  to  the  utility  of  a-fetoprotein  (AFP)  as  a  marker 
for  hepatocellular  carcinoma,  examination  of  its  in  vivo  half-life,  and 
the  rate  of  its  synthesis  by  tumor  cells  in  vitro.  Using  H-leucine 
incorporation  and  a  specific  radioimmunoassay,  long-term  cultured  cells 
from  a  chemically-induced  monkey  hepatocarcinoma  were  shown  to  synthesize, 
and  release  in  the  culture  medium,  measurable  amounts  of  AFP.  No  signifi- 
cant changes  of  AFP  production  were  seen  with  0.5  yM  thyroxine  or  0.14 
mM  6a-methyl prednisolone,  while  AFP  production  was  markedly  reduced  by 
cAMP  and  PGE-, ,  during  both  the  log  phase  and  the  slow  phase  of  cell 
growth.  This  inhibitory  effect  on  AFP  production  was  clearly  dose- 
dependent,  both  for  cAMP  (acting  in  the  physiological  range),  and  for 
PGE-j  (acting  at  supraphysiologic  concentrations).  Assay  of  the  DNA 
content  of  the  culture  flasks  proved  the  ability  of  both  cAMP  and  PGE, 
to  significantly  inhibit  cell  growth  as  well,  during  either  phase  of 
cell  growth.  The  two  inhibiting  compounds  were  shown  to  act  by  depressing 
the  AFP  production  per  number  of  cells. 

Another  project  ancillary  to  the  monkey  carcinogenesis  study  involves 
the  experimental  evaluation  of  a  new  contrast  medium  for  computed  tomographic 
examination  of  the  liver  and  spleen.  A  lipoid  based  contrast  material 
containing  53%  of  ethiodized  oil  in  emulsion  form  was  developed  for  com- 
puted tomography  (CT)  of  the  liver  and  spleen  and  tested  in  monkeys  and 
other  animals.  An  intravenous  dose  of  0.2  ml/kg  selectively  opacified 
the  liver  and  spleen,  resulting  in  an  average  increase  of  23  EMI  units 
(500  scale)  in  the  attenuation  of  the  liver  and  a  higher  increase  in  the 
attenuation  of  the  spleen.  When  injected  into  rhesus  monkeys  with 
carcinogen  induced  hepatocellular  carcinoma,  there  was  a  significant 
improvement  in  the  visualization  of  the  tumor,  and  small  lesions,  undetect- 
able on  the  preliminary  CT  scan,  became  visible.  Toxicity  studies  have 
been  completed  in  animals  and  the  contrast  material  is  in  clinical 
trials  at  the  Clinical  Center. 

Other  aspects  of  the  toxicity  of  antitumor  agents  and  model  foreign 
compounds  are  concerned  with  their  adverse  effects  on  the  oocyte  and  on 
intrauterine  development. 

Cyclophosphamide  (CY)  produces  sterility  in  experimental  animals,  and  a 
dose  and  age  dependent  permanent  amenorrhea  in  women.  Time,  dose, 
strain,  species,  oocyte  and  follicle  differences  in  oocyte  destruction 
by  CY  were  examined  using  four  week  old  female  Sprague-Dawley  (SD)  rats, 
DBA/2N  (D2)  and  C57BL/  5N  (B6)  mice.  CY  did  not  destroy  growing  or 
large  oocytes  or  follicles,  but  did  destroy  primordial  oocytes.  The 
threshold  for  primordial  oocyte  destruction  was  60  mg/kg  for  D2  mice  and 
30  mg/kg  for  86  mice,  but  greater  than  200  mg/kg  for  SD  rats.  Primordial 
oocyte  destruction  was  completed  between  48  and  72  hours  after  treatment 
in  both  species.  The  LD^q  for  primordial  oocyte  destruction  was  140 


515 


mg/kg  in  D2  and  65  mg/kg  in  B6  mice.  The  rate  of  primordial  oocyte 
destruction  by  CY  is  much  more  rapid  than  that  observed  for  polycyclic 
aromatic  hydrocarbons  (PAH).  However,  the  threshold  for  primordial 
oocyte  destruction  is  an  order  of  magnitude  higher  for  CY  than  for  PAH. 
It  is  not  known  whether  these  differences  represent  strain  or  species 
differences  in  metabolic  activation,  detoxification  or  repair.  The 
rodent  ovary  may  provide  a  useful  experimental  model  for  studying  the 
mechanism  of  oocyte  destruction  by  CY  and  other  antineoplastic  drugs. 

Studies  on  the  ovotoxicity  of  various  model  carcinogens  have  revealed 
that  the  rodent  ovary  contains  microsomal  cytochrome  P-450  dependent 
monooxygenases  necessary  for  metabolic  activation  of  PAH  to  reactive 
electrophilic  intermediates  capable  of  cytotoxicity,  mutagenicity,  and 
carcinogenicity.   In  inbred  B6  and  D2  mice,  which  differ  in  PAH  induc- 
tion of  ovarian  aryl  hydrocarbon  (benzo[a]pyrene)  hydroxylase  activity, 
the  rate  of  oocyte  destruction  is  proportional  to  ovarian  AHH  activity. 
Basal  levels  of  ovarian  AHH  activity  are  similar  in  both  D2  and  B6  mice, 
but  PAH  responsive  B6  mice  show  induction  of  ovarian  AHH  activity  after 
treatment  with  3-methylcholanthrene  (MC),  benzo[a]pyrene  (BP)  7,12- 
dimethylbenz[a]anthracene  (DMBA)  and  g-naphthoflavone  (BNF)  whereas  no 
increase  occurs  in  D2  ovarian  AHH  activity.  Oocyte  destruction  by 
carcinogenic  PAHs  is  much  more  rapid  and  complete  in  responsive  B6  mice 
than  in  nonresponsive  D2  mice.  Relative  oocyte  toxicity  of  PAH  in  both 
D2  and  B6  mice  is  DMBA>MC>BP,  for  both  time  and  dose  relationships.  The 
compounds  pyrene,  BNF,  a-naphthoflavone  (ANF),  benzene  and  toluene  do 
not  destroy  oocytes.  Cigarette  smoke  condensates  tested  have  oocyte 
toxicity  proportional  to  skin  tumorigenicity.  Although  Sprague-Dawley 
rats  also  have  levels  of  PAH  inducible  ovarian  AHH  activity  similar  to 
the  mouse,  they  are  strikingly  resistant  to  PAH  ovotoxicity.  This 
resistance  may  be  the  result  of  the  occurrence  of  different  monooxygenases, 
epoxide  hydrases  or  transferases  in  the  ovary  resulting  in  lower  levels 
of  reactive  metabolites  in  the  rat  ovary  in  comparison  to  the  mouse. 
High  pressure  liquid  chromatography  demonstrates  at  least  4-fold  greater 
oxygenation  in  the  7,  8,  9,  10  region  of  BP  in  the  mouse  ovary  than  in 
the  rat.  Oocyte  destruction  is  a  sensitive,  quantitative,  vn   vivo 
measure  of  PAH  toxicity  which  may  parallel  carcinogenicity. 

The  effects  on  intrauterine  development  in  the  mouse  of  several  antitumor 
agents  have  been  assessed.  Evaluation  of  the  embryotoxic  and  cytogenetic 
effects  of  2  inhibitors  of  the  enzyme  adenosine  deaminase,  2'-deoxycoformycin 
(DCF)  and  erythro-9-(2-hydroxyl-3-nonyl )-adenine  (EHNA),  have  indicated 
that  neither  compound,  when  given  alone,  is  markedly  teratogenic. 
Studies  have  been  completed  on  the  embryotoxicity  of  DCF  in  combination 
with  the  adenosine  analogs,  xylosyladenine  (XA)  and  adenosine  arabinoside 
(ara-A).  Ara-A  alone  was  not  embryotoxic;  however,  when  administered  10 
minutes  after  a  non-embryotoxic  dose  of  DCF  (0.25  mg/kg)  on  day  8  or 
days  7-11  of  gestation,  it  produced  a  sharp  increase  in  the  incidence  of 
intrauterine  mortality  and  malformations.  Neither  single  nor  multiple 
doses  of  XA  at  3  mg/kg  alone  were  embryotoxic.  The  embryotoxicity  of  XA 
in  combination  with  DCF  (0.25  mg/kg)  on  day  6,  7  or  8  of  gestation 
resembled  that  of  controls.  When  this  combination  was  administered  on 
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days  7-11  of  gestation,  a  moderate  increase  over  controls  in  embryotoxicity 
was  noted.  Results  with  EHNA  indicate  that  it  is  without  striking 
embryotoxic  activity  when  given  on  days  7-11  of  gestation  at  doses  known 
to  potentiate  the  antitumor  action  of  adenosine  analogs.  The  combina- 
tion of  EHNA  (12.5  mg/kg)  plus  XA  (3.0  mg/kg)  administered  on  days  7-11 
of  gestation  did  not  increase  the  incidence  of  intrauterine  mortality  or 
malformations  over  control  levels.  However,  a  significant  embryotoxic 
effect  was  observed  when  EHNA  (12.5  mg/kg)  plus  ara-A  (50  mg/kg)  was 
administered  on  days  7-11  of  gestation.  These  results  indicate  that  the 
adenosine  analogs  are  relatively  non-toxic  to  the  embryo  until  doses 
associated  with  maternal  toxicity  are  administered.  Similarly,  the 
teratogenic  effects  of  the  adenosine  deaminase  inhibitors  appear  to  be 
minimal.  Significant  embryotoxic  effects  were  noted  only  for  combinations 
of  the  deaminase  inhibitors  plus  ara-A,  and  these  effects  were  most 
prominent  when  exposure  took  place  over  days  7-11  of  gestation. 

Studies  on  the  embryotoxicity  of  two  anthracenediones  are  underway. 
Dihydroxyanthracenedione  produced  significant  embryo! ethality  at  doses 
of  5  mg/kg  or  higher  when  the  compound  was  injected  on  day  6  or  7  of 
gestation,  and  a  parallel  increase  in  the  incidence  of  malformations  and 
a  decrease  in  fetal  body  weights  was  noted.  The  day  8  embryo  tolerated 
a  dose  of  5  mg/kg,  but  marked  embryotoxicity  was  found  at  higher  doses. 
Day  9  and  day  10  mouse  embryos  were  resistant  to  the  embryolethal  effects 
of  dihydroxyanthracenedione  at  doses  up  to  15  mg/kg;  however,  this  dose 
produced  a  significant  increase  in  the  incidence  of  malformations  and  a 
decrease  in  average  fetal  body  weights.  Regardless  of  the  day  of  gestation 
on  which  it  was  administered,  dihydroxyanthracenedione  produced  a  significant 
reduction  in  maternal  body  weights  at  doses  of  5  mg/kg  or  higher.  In 
contrast  to  dihydroxyanthracenedione,  anthracenedione  itself  did  not 
possess  significant  embryotoxicity. 

In  addition  to  the  Laboratory  research  effort,  the  senior  investigators 
are  involved  in  the  teaching  and  training  of  visiting  fellows,  medical 
students,  graduate  students,  staff  fellows,  and  clinical  associates.  In 
addition,  investigators  from  outside  NIH  spend  short  periods  of  time  in 
our  laboratory  in  order  to  learn  specific  techniques.  The  senior  investi- 
gators are  also  responsible  for  the  administration  of  one  or  more  contracts 
with  outside  research  institutions.  The  contracts  are  concerned  with 
development  of  model  tumor  systems,  liposomal  encapsulation  of  antitumor 
agents,  evaluation  of  various  aspects  of  the  adverse  effects  of  antitumor 
agents,  and  metabolism  and  pharmacokinetic  studies  of  new  antitumor 
agents  in  laboratory  animals  and  in  humans.  Agents  under  evaluation  in 
these  contracts  are  of  high  priority  for  clinical  development  in  the 
Developmental  Therapeutics  Program  and  the  Division  of  Cancer  Treatment. 
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perfusion  procedure.  Blood-tissue  distribution  studies  of  antitumor  agents 
indicated  that  spirohydantoin  mustard  rapidly-|Crosses  the  blood-brain  barrier 
(BBB)  and  enters  brain  cells,  that  unchanged   C-labelled  AZQ  does  not  penetrate 
the  BBB  as  readily  as  expected,  and  that  misonidazole  easily  exchanges  across 
tumor  and  brain  capillaries.  Opening  of  the  BBB  and  enhanced  drug  delivery  to 
the  brain  would  be  achieved  with  intra-arterial  infusions  of  hyperosmotic  solu- 
tions but  not  with  the  inhalation  of  20%  COq.  In  work  with  the  metastatic 
Walker  256  brain  tumor  model,  blood  flow  (BFT  and  glucose  utilization  (GU)  were 


greatly  reduced  and  blood-tissue  transfer  (BTT)  was  increased  at  foci  within  the 
large  tumor  masses;  in  tumor  tissue  around  these  foci,  BF  was  low,  GU  was  normal 
to  higher  than  normal,  and  BTT  was  very   high.  For  the  small  metastatic  masses, 
GU  was  markedly  increased,  whereas  BTT  and  BF  were  normal.   For  the  oligodendro- 
glioma model,  BF,  BTT,  and  GU  were  all  normal  or  nearly  normal  for  both  larqe 
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Project  Description: 

Methods  Employed: 

Most  of  our  experimental  work  is  done  upon  in  vivo  systems  and  involves  the 
administration  of  radioactive  labelled  materials  into  either  the  vascular 
or  cerebrospinal  fluid  (CSF)  compartment,  repeated  sampling  of  the  blood  or 
CSF,  killing  the  animals  at  various  times,  and  obtaining  tissue  and  fluid 
specimens  for  radiotracer  analysis.  Since  the  organ  system  of  major  interest 
to  us  is  the  central  nervous  system  (CNS),  we  seek  experimental  procedures 
for  investigating  physiological,  pharmacological,  and  biochemical  processes 
which  cause  minimal  perturbations  of  the  state  of  the  animal  and  the  CNS 
function  or  system  we  are  examining.  To  accomplish  this  goal,  ways  of  per- 
forming these  two  general  types  of  experiments  on  unanesthetized  animals 
have  been  adopted. 

For  the  vascular  infusion  (blood-to-tissue)  studies,  rats  are  generally 
used.  The  procedure  consists  of  inducing  anesthesia  with  halothane,  rapid 
cannulation  of  the  femoral  arteries  and  veins  through  a  small  incision, 
covering  the  wounds  with  xylocaine  jelly,  wrapping  the  animal's  lower  quar- 
ters in  plaster,  securing  the  animal  by  its  plaster  cast  to  a  lead  brick, 
and  removing  the  halothane  gas,  thus  allowing  the  return  of  consciousness. 
The  animals  quickly  recover,  seem  alert  and  comfortable,  and  rapidly  reach 
normal  awake  levels  of  blood  gases  and  pressure.  Labelled  materials  and 
drugs  can  be  injected  through  the  venous  catheters  and  blood  samples  and 
pressure  readings  can  be  easily  obtained  via  the  arterial  catheters. 

For  the  CSF  perfusion  or  infusion  investigations,  rabbits  are  employed. 
The  animals  are  initially  anesthetized  and  guide  tubes  are  implanted  into 
the  lateral  ventricle  and  the  cisterna  magna.  Subsequently,  a  smaller 
piece  of  tubing  is  passed  through  the  guide  tube  and  adjusted  until  its 
open  end  lies  in  the  appropriate  CSF  region--either  the  lateral  ventricle 
or  the  cisterna  magna.  The  smaller  tube,  which  is  to  be  used  for  infusing 
the  test  solution,  is  capped  or  plugged.  Then  the  superficial  parts  of  the 
guide  tube  and  inner  tubing  are  encased  in  a  protective  covering.  The 
rabbits  are  allowed  to  recover  and  given  appropriate  post  operative  care. 
After  one  week,  ventricular  or  cisternal  infusions  or  ventriculocisternal 
perfusions  can  be  performed  in  a  rabbit  box  without  using  any  anesthetic. 
Throughout  the  experimental  procedure  the  animals  remain  quiet  and  relaxed 
and  appear  to  suffer  no  pain  or  discomfort.  They  also  tolerate  repeated 
infusions  spread  over  several  weeks  duration. 

For  some  of  the  intravascular  infusion  studies,  a  mixture  of  five  different 
radioisotopes  was  intravenously  administered  and  all  tissue  and  fluids  sam- 
ples were  assayed  for  each  isotope  by  a  combination  of  gamma  and  beta 
counting.  This  permitted  the  simultaneous  measurement  of  five  different 
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parameters — for  example,  blood  flow,  vascular  space,  and  blood-tissue 
transport  of  three  solutes--in  a  single  animal. 

For  a  number  of  experiments,  especially  those  involving  pathophysiological 
studies,  the  tissue  concentration  of   C-labelled  substances  was  determined 
by  quantitative  autoradiography.  With  this  technique,  "microdissection"  of 
organs  and  physiological  processes  can  be  carried  out  with  a  resolution  of 
about  100  microns.  Attempts  to  expand  this  methodology  to  other  radioactive 
isotopes  have  been  successful.  Several  Auger  electron  emitting  isotopes 
have  been  found  to  produce  reasonably  sharp  radioautographs  and  useable 
standards  for  quantitation.  Subsequently,  two  protein  molecules  have  been 
labeled  with  these  isotopes,  namely    In-transferrin  and    I-human  serum 
albumin,  and  used  for  the  various  studies.   In  addition,  blood  flow  atjid^ 
capillary  and  cellular  permeability  studies  have  been  performed  with    I- 
iodoantipyrine  and   KCl ,  respectively. 

Currently  we  are  using  quantitative  autoradiography  to  measure  a  number  of 
different  processes  in  the  intact  animal.  Cegebral^or  other-,£Jssue  blood 
flow  is  determined  from  the  distribution  of   C-,  'tA^-->   or    I-iodoanti- 
pyrine,  local  glucose  utilization  by  the-juptake  of   C-2-deoxyglucose,  and 
protein  turnover  by  the  accumulation  of   C-leucine.  Measurements  of  capil- 
lary and  eel lular^permeability  are  made  with  a  number  of  physiological 
markers  such  as   C-a-aminoisobutyric  acid  (AIBj,   C-sucrose,  and   KCl. 
Ug  are  currently  studying  the  distribution  of   C-methotrexate,   C-AZQ,  and 

C-misonidazole  in  normal  and  tumor-bearing  animals  by  quantitative  auto- 
radiography. 

In  the  past  year  two  different  ways  of  doing  double-label  quantitative 
autoradiography, have  been  developed  in  our  section.  For  both  approaches, 
one  isotope  is   C  and  the  other  is  an  Auger  electron  emitting  nuclide  of 
relatively  short  half-life,  for  example,    In.  For  the  first  technique,  a 
thin  mylar  sheet  is  placed  between  the  tissue  section  and  the  X-ray  film. 
The  mylar  film  absorbs  all  of   C-radiation  but  only  a  small  portion  of  the 
more  energetic  Auger  electrons,  which  subsequently  interact  or  expose  the  X- 
ray  film.  After  the  period  of  Auger  electron  exposure  is  over  and  sufficient 
time  has  elapsed  for  the  Auger  electron  emitter  to  decay  away  (15  half- 
lives),  a  new  X-ray  film  without  the  mylar-jfilm  is  placed  over  the  tissue 
sections  and  exposed  for  the  detection  of   C,  thus  producing  a  second 
autoradiographic  image. 

A  second  technique  for  performing  double  label  quantitative  autoradiography 
has  been  tried  with  some  success.  In  this  case,  the  experiments  must  be 
performed  such  that  much  QK^eater  concentrations  of  the  Auger  electron 
emitting  isotope  than  of   C  are  present  in  the  tissue  sections.  If  this  is 
achieved,  the  X-ray  film  is  exposed  to  the  tissue  sections  radioactivity 
without  any  mylar  shield  for  12-18  hours.  During  this  period  most  of  the 
radiation  interaction  with  the  X-ray  film  will  be  from  the  Auger  electrons, 
and  the  beta  particles  emitted  by  the   C  will  contribute  a  very   small  por- 
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tion  to  the  image  that  is  formed.  After  waiting  for  sufficient  decay  time 
(15  half-lives),  a  second  X-ray  film  exposure--this  time  for   C  on1y--is 
made. 

14 
Since  only   C-standards  are  commercially  available  for  quantitative  auto- 
radiography, a  method  had  to  be  devised  for  making  such  standards  for  the 
other  radionuclides  used  in  our  quantitative  autoradiographic  work.  After 
trying  several  different  approaches,  a  successful  procedure  emerged.  A 
matrix  of  homogenated  liver  (pate')  was  prepared  and  frozen  into  a  planchet. 
Eight  to  ten  holes  were  drilled  in  the  frozen  pate'  and  each  filled  with  a 
known  but  different  mixture  of  radioisotope  and  diluted  gelatin,  thus  form- 
ing a  "plum  cake"  with  each  plum  representing  a  specific  concentration  of 
the  Auger  electron  emitter.  By  keeping  the  plum  cake  frozen,  slicing  it  in 
a  cryostat,  and  drying  the  frozen  sections  in  a  freeze-dryer,  suitable 
standards  can  be  made. 

During  the  past  year,  pathophysiological  studies  have  been  made  on  three 
different  brain  tumor  models.  The  most  work  to  date  has  been  done  with  the 
Walker  256  metastatic  carcinoma  model  of  Ushio,  Chernik,  and  Shapiro.  For 
this  model  tumor  cells  are  injected  into  one  carotid  artery  of  a  rat,  sub- 
sequently lodging  throughout  head  and  neck  tissues.  After  about  two  weeks, 
the  animal  is  treated  with  intravenous  cyclophosphamide  which  eradicates 
all  tumor  cells  except  those  in  the  brain.  Weight  loss  and  neurological 
signs  which  indicate  the  presence  of  CNS  tumors  appear  after  an  additional 
7-14  days. 

The  second  brain  tumor  model  under  examination  is  an  ethylnitrosourea 
induced  primary  brain  tumor  of  rats.  This  model  was  developed  by  Dr.  Jerry 
M.  Rice,  Experimental  Pathology  Laboratory,  DCCP,  NCI,  and  previously 
reported  by  him. 

Finally,  a  primary  brain  tumor  model  which  is  being  jointly  developed  by  our 
group  and  the  Surgical  Neurology  Branch,  NINCDS,  has  been  used  for  some  pre- 
liminary studies.  This  tumor  is  produced  by  implanting  a  suspension  of  RT-9 
tumor  cells,  originally  derived  from  a  nitrosourea  induced  astrocytoma,  in 
the  brains  of  young  adult  rats.  After  several  weeks  tumor  masses  grow  with- 
in and  around  the  brain. 

Several  other  models  of  CNS  lesions  have  been  used.  A  model  of  subarachnoid 
hemorrhage  in  which  whole  blood  is  injected  into  the  subarachnoid  space  of 
rabbits  through  an  indwelling  cisternal  catheter  was  produced  in  our  section 
and  will  be  investigated.  In  addition,  the  freeze  lesion  model  of  cerebral 
edema  in  rats  has  been  used  for  the  study  of  fluid  flow  and  volume  regulation 
in  the  blood-brain-CSF  system. 

Two  techniques  which  are  believed  to  "open"  the  blood-brain  barrier  have 
been  investigated.  One  of  these  is  the  hyperosmotic  approach  of  Rapoport  in 
which  a  30  second  intracarotid  infusion  of  a  1.6  M  solution  of  arabinose  is 
employed  in  anesthetized  rats;  the  other  procedure  used  a  30  minute  to  two 
hour  exposure  of  the  animal  to  20%  CO^. 
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Various  mathematical  approaches,  computer  systems,  and  programs  are  used  to 
analyze  our  experimental  data.  For  studies  of  blood-tissue  exchange  of 
various  solutes  and  drugs,  three  methods  of  data  analysis--the  simple  arter- 
ial integral,  the  graphic  arterial  integral,  and  the  K./K  --are  used.  All 
three  are  relatively  new  and  were  described  in  last  year's  annual  report  in 
detail.  For  the  studies  of  glucose  utilization  and  protein  turnover,  the 
approaches  of  Dr.  Louis  Sokoloff  and  coworkers.  Laboratory  of  Cerebral  Meta- 
bolism, NIMH,  were  employed.  The  standard  equations  and  computations  as 
originally  set  up  by  Kety  were  used  for  the  blood  flow  calculations.   In 
addition  some  computer  modelling  of  drug  distribution  data  is  done  to  seek 
optimal  dose  schedules  and  sites  of  drug  administration. 

Major  Findings: 

Two  model-independent  ways  of  calculating  blood-to-tissue  transport  of 
radiolabelled  solutes  have  been  estabished  over  the  past  two  years.  One  of 
them,  the  simple  arterial  integral  method,  requires  that  the  test  solute  be 
effectively  "trapped"  within  the  tissue  by  either  metabolic  binding,  or 
membrane  transport  processes  once  it  has  passed  across  the  capillary  endothe- 
lium. TwQ  solutes,  alpha-aminoisobutyric  acid  (AIB)  and  radioactive  potassium 
(  K  or   K),  have  been  found  to  meet  the  trapping  criterion  and  be  satis- 
factory tracers  of  blood-to-brain  transport  and  brain  capillary  permeability 
in  both  normal  and  experimentally  altered  animals.  The  transfer  constant 
(K.)  for  AIB  is  approximately  3  x  10  _pml/g-min;  the  K.  for   K  or   K  is 
about  ten-fold  larger,  namely,  3x10   ml/g.min.  Because  of  the  differences 
in  the  transfer  constants,  a  more  precise  evaluation  of  alterations  in 
blood-brain  transport  can  be  made  by  using  both  markers  in  the  same  study. 
In  addition,  radiotracer  forms  of  these  blood-brain  transport  indicators  can 
be  detected  by  either  quantitative  autoradiography  or  multi-isotope  analysis, 
thus  broadening  their  applicability. 

Our  second  method  for  computing  blood-to-tissue  transport,  the  graphic 
arterial  integral  technique,  has  proven  to  be  more  general  and  informative 
than  the  simple  arterial  integral  approach.  Measurements  of  K.  for  a  large 
array  of  materials,  ranging  from  ions  and  drugs  to  amino  acids  and  proteins, 
have  been  made  utilizing  data  obtained  from  our  unanesthetized  rat  experi- 
ments and  this  analytical  approach.  From  this  analysis  the  existence  and 
magnitude  of  a  so-called  "fast  distribution  space",  for  example,  the  capil- 
lary endothelial  cell,  can  be  ascertained.   In  some  cases,  this  approach 
also  yields  an  estimate  of  cellular  permeability.  Finally,  data  from  either 
quantitative  autoradiographic  or  other  radiotracer  assays  can  be  processed 
with  the  graphic  arterial  integral  technique. 

As  presented  under  the  Methods  Employed  section  of  this  annual  report,  we 
have  found  two  ways  of  performing  double  label  quantitative  autoradiography. 
The  mylar  film  method  appears  to  be  the  most  useful  and  reliable  of  the  two 
and  has  been  employed, in  our  investigations  of  the  freeze-lesion  model  of 
cerebral  edema  with    In-transferrin,  a.plasma  protein  tagged  with  a  short 
half-lived  Auger  electron  emitter,  and   C-sucrose  (these  results  will  be 
presented  later  in  this  report). 
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The  distribution  of   C-spirohydantoin  mustard  (SHM)  between  blood,  brain, 
and  other  organs  was  studied  in  anesthetized  and  awake  rats.  In  these  same 
experiments  a  blood  flow  indicator,    I-iodoantipyrine,  was  simultaneously 
infused  as  a  reference  material.  In  the  anesthetized  animals  the  vehicle 
which  was  used  to  solubilize  the  SHM,  dimethylsulfoxide  (DMSO),  caused  an 
immediate,  severe  fall  in  systemic  blood  pressure  (P  <  60  mm  Hg)  and  a 
marked  reduction  in  cerebral  blood  flow.  Although  it  is  difficult  to  accu- 
rately quantitate  the  transport  of  a  substance  under  such  conditions,  the 
data  suggested  that  the  rate  of  blood-brain  exchange  of  SHM  is  equal  to  or 
greater  than  that  of  lAP  and  that  the  brain-to-blood  partition  coefficient 
of  SHM  (=  0.92-0.99)  is  larger  than  that  of  lAP  (=  0.8).  When  these  studies 
were  repeated  in  awake  rats,  no  fall  in  systemic  blood  pressure  was  observed 
and  normal  rates  of  cerebral  blood  flow  were  found.  Again,  the  uptake  of 
SHM  by  the  CNS  was  equal  to  that  of  lAP  and  limited  by  the  rate  of  tissue 
blood  flow. 

14 
The  preliminary  rat  data  with   C-AZQ,  an  aziridinylbenzoquinone,  indicates 

that  the  transfer  of  the  labelled  material  from  blood  to  CNS  was  surprisingly 

slow  in  view  of  this  drug's  relatively  high  lipid  solubility.  Since  these 

experiments  were  done  in  awake  rats  for  periods  of  less  than  three  minutes, 

these  findings  probably  represent  parent  compound  distribution  and  not  that 

of  some  metabolite  or  metabolites.-  H-water  was  used  in  these  studies  as  a 

blood  flow  marker.  -.The  uptake  of  H-water  appeared  to  be  normal;  therefore, 

the  slow  uptake  of   C-AZQ  apparently  is  not  a  result  of  diminished  cerebral 

blood  flow.  Other  possible  explanations  for  this  unexpected  distribution  of 

C-AZQ  are  being  sought  by  further  experimentation  with  rats  and  dogs. 

A  quantitative  autoradiographic  study  of  the  distribution  of  misonidazole,  a 
radiosensitizer,  in  RT-9  tumors  implanted  in  both  the  flank  and  the  brain  of 
rats  is  underway.  At  this  point  the  flank  tumor  data  indicates  that  mison- 
idazole is  rapidly  taken  up  in  the  viable  areas  of  the  flank  tumors  but 
slowly  distributes  into  the  necrotic  and  hypoxic  parts  of  these  masses.  It 
is  suspected  that  the  misonidazole  distribution  found  in  the  flank  tumors 
reflects  the  local  rates  of  blood  flow  and  that  a  blood  flow  marker  such  as 
lAP  would  produce  a  similar  pattern  in  this  system.  The  distribution  of 
misonidazole  in  the  intracranial  RT-9  tumor  masses  and  the  adjacent  brain 
tissue,  too,  seemed  to  parallel  the  lAP  and  blood  flow  patterns. 

Two  putative  ways  of  "opening"  the  blood-brain  barrier  were  investigated. 
One  of  them,  the  inhalation  of  20%  COp  for  30  minutes  to  2  hours,  was  stud- 
ied by  both  quantitative  autoradiography  and  conventional  double  label 
tracer  detection.  Quantitative  autoradiograms  of   C-AIB  distribution  and 
the  simple  arterial  integral  computation  showed  no  change  in  regional  uptake 
of  AIB  from  the  normal.  Subsequently,  double  label  (C-AIB  and    I-human 
serum  albumin)  experiments,  employing  conventional  counting  methods  which 
are  more  precise  and  quantitative,  were  performed.  Even  in  this  situation, 
no  detectable  increase  in  blood-brain  barrier  permeability  to  either  of 
these  compounds  was  found.  These  results  indicate  that  increased  uptake  of 
drugs  would  not  occur  in  response  to  either  moderate  or  severe  hypercapnia. 
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On  the  other  hand,  opening  the  blood-brain  barrier  with  arterial  infusions 
of  hyperosmotic  solutions  seems  to  be  quite  feasible.  Quantitative  auto- 
radiographic investigations  of  the  blood-to-brain  transport  of   C-AIB 
following  an  intracarotid  infusion  of  1.6  M  arabinose  were  done  in  rats.  At 
three  minutes  after  the  hyperosmotic  infusion,  the  K-  of  AIB  increased  from 
4-30  times  the  normal  value.  At  this  time  there  were  marked  regional  and 
subregional  variations  in  the  degree  of  opening,  with  most  gray  matter  areas 
being  more  altered  than  white  matter.  Within  10  minutes  from  the  infusion, 
most  CNS  regions  had  AIB  K. 's  from  2-7  times  normal.  The  K.  values  for  AIB 
continued  to  decline  with  lime  and  by  two  hours  were  normal.  These  findings 
indicate  that  osmotic  opening  of  the  blood-brain  barrier  can  be  caused  by 
this  procedure  and  suggest  that  the  uptake  of  drugs  during  the  open  period 
might  be  increased,  with  the  greater  enhancement  occurring  in  cortical  and 
other  gray  matter  areas. 

Our  computer  modelling  and  theoretical  analysis  of  drug  distribution  show 
that  intra-arterial  infusions  are  effective  ways  of  delivering  chemotherapeu- 
tic  agents  to  the  target  tissue.  During  the  first  passage  of  the  arterial ly 
infused  drug  molecules  through  the  target  tissue's  capillaries,  a  high 
tissue  exposure  (C  x  t  product)  advantage  is  established  which  is  independent 
of  the  rate  of  drug  administration  but  inversely  proportional  to  the  rate  of 
tissue  blood  flow  (low  flow,  high  exposure).  Subsequent  circulation  of  the 
drug  dissipates  this  advantage;  therefore,  if  rapid  systemic  transformation 
(metabolism,  chemical  breakdown,  or  binding)  or  excretion  occurs,  the  first 
passage  advantage  is  maintained.  Systemic  transformation  and  excretion 
depend  directly  on  the  rate  constants  for  these  processes  and  the  concentra- 
tion of  the  free  drug  in  systemic  tissues  and  fluids.  On  the  other  hand, 
diminished  systemic  drug  distribution  and  toxicity  takes  place  if  the  target 
tissue's  rate  of  metabolism  and/or  tissue  drug  clearance  is  high  (causes  of 
the  latter  are  slow  blood  flow  and  large  target  tissue  distribution  space). 

One  other  finding  from  these  studies  is  that  high  capillary  permeability 
does  not  markedly  increase  tissue  drug  delivery  following  either  an  intra- 
arterial or  intravenous  infusion  if  the  target  site  does  not  effectively 
trap  the  drug  there  by  processes  such  as  binding  to  enzymes  or  metabolism  to 
a  non-transported  form.  A  ten-fold  increase  in  blood-tissue  exchange  ina 
situation  where  transformation-excretion  is  relatively  modest  {th  =   30  min) 
only  led  to  a  30%  increase  in  the  tissue's  drug  exposure.  From  this  it  is 
clear  that,  for  effective  CNS  chemotherapy,  we  need  to  find  drugs  that  not 
only  readily  cross  the  blood-brain  barrier  but  also  do  something  once  they 
get  into  the  tissue. 

An  autoradiographic  study  of  blood  flow  with  the  Walker  256  rat  metastatic 
brain  tumor  model  was  made.  In  the  large  tumors  (2-5  mm  diameter  masses) 
blood  flow  was  about  10%  of  normal  in  necrotic  foci  within  these  masses, 
around  20%  of  normal  in  viable  areas  around  these  necrotc  foci,  and  20-40% 
of  normal  at  the  periphery  of  these  tumors.  In  the  brain  tissue  adjacent  to 
these  large  tumors,  blood  flow  was  50-75%  of  normal.  In  various  small 
cortical  tumors,  the  blood  flows  were  identical  to  the  control  gray  matter 
values  (74-176  ml/100  g-min). 
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The  AIB  transfer  constants  were  autoradiographically  measured  in  this  tumor 
system.  For  the  large  masses,  the  K.  of  AIB  was  about  ten  times  higher  than 
normal  in  the  necrotic  areas,  10-30  times  higher  than  normal  in  the  surround- 
ing viable  areas,  and  3-9  times  higher  at  the  peripheral  edge.  The  K. 's  of 
AIB  in  the  small  tumors  were  all  normal  (0.3  ml/100  g-min). 

Based  on  the  2DG  autoradiography,  relative  glucose  utilization  (RGU)  rates 
were  also  determined  in  the  Walker  256  model.  In  the  necrotic  foci  of  the 
large  tumors  RGU  was  nearly  zero,  whereas  in  the  viable  and  peripheral  areas 
of  these  masses  RGU  was  normal  to  twice  normal.  Very   high  RGU  rates  were 
found  in  all  of  the  small  tumors. 

The  ENU  induced,  wel 1 -differentiated  oligodendrogliomas  had  blood  flows 
similar  to  or  slightly  less  than  those  measured  for  normal  white  matter.  No 
necrotic  centers  were  observed  in  this  tumor  model.  Blood  flows  in  the 
surrounding  brain  tissue  appeared  to  be  normal.  For  this  same  oligodendro- 
glioma model,  the  K-  values  for  AIB  were  similar  and  normal  for  both  the 
large  and  small  tumirs  and  the  surrounding  brain  tissue.  The  RGU  rates 
within  the  large  and  small  oligodendrogliomas  were  the  same  as  or  slightly 
higher  than  those  of  normal  white  matter  from  the  contralateral  hemisphere. 

Using  the  rat  freeze  lesion  model  ,  we  have  studied  the  process  of  cerebral 
edema  formation  by  single  and  double  label  quantitative  autoradiography.  At 
this  point  the  effects  at  two  times,  30  minutes  and  four^^ours,  after  pro- 
ducing the  lesion  have  been  examined.  The  results  with   C-IAP  show  for 
both  times  that  blood  flow  within  the  lesion  was  sharply  reduced  and  that 
some  reduction  in  flow  occurred  in  the  adjacent,  non-edematous  brain  tissue 
and  in  the  ipsilateral  hemisphere. 

14 
Regional  increases  in  the  K-'s  of   C-AIB,  which  seemingly  indicate  increased 

"leakiness"  of  tissue  capillaries,  were  limited  to  the  freeze  injury  itself 

and  to  a  narrow  rim  of  tissue  surrounding  the  lesion.  Four  hours  after  the 

freezing  perturbation,  there  appeared  to  be  a  "mending"  of  the  capillaries 

in  the  rim  as  the  K.'s  in  this  location  were  smaller  and  closer  to  the 

control  values  than  in  the  30  minute  animals. 

14 
Double  label  quantitative  autoradiographic  measurements  of   C-sucrose  and 

In-transferrin  distribution  from  blood  to  brain  showed  virtually  identical 
patterns  of  uptake  and  flow  within  the  tissue  for  both  radiotracers,  that 
is,  entry  into  the  tissue  in  the  lesion  area  and  subsequent  spread  into  the 
adjacent  white  matter.  The  similarity  of  the  profiles  of  sucrose  and  trans- 
ferrin, despite  their  marked  differences  in  size  (342  and  68,000  daltons, 
respectively)  and  the  rates  of  tissue  movement  suggest  that  these  solutes 
are  being  carried  by  the  bulk  or  convective  flow  of  edema  fluid  and  that  this 
flow  is  being  driven  by  the  blood  (hydrostatic)  pressure  with  the  "leaky" 
vessels  at  the  rim  of  the  lesion. 

Blood-to-tissue  transport  studies  of  a  number  of  different  radioactive 
labelled  solutes  have  been  done  with  the  intravascular,  multi-isotope,  bolus 
injection  technique  and  analyzed  by  the  graphic  arterial  integral  method. 


525 


ZOl   CM  03500-16  LCHP 

The  substances  used  include  amino  acids,  proteins,  a^d  alkali  metals^^uch  as 
potassium  and  rubidium^  The  K.'s  range  from  3  x  10   ml/g-.min  for   K  to  3 
X  10'  ml/g-min  for    I-human  serum  albumin.  The  size  of  the  fast  space,  a 
rapidly  equilibrating  compartment  located  in  the  vascular  side  of  the  blood- 
brain  barrier,  was  considerably  larger  than  the  tissue  blood  volume  for  the 
amino  acids  and  the  alkali  metals,  suggesting  that  the  luminal  surface  of 
brain  capillary  endothelial  cells  are  highly  permeable  to  these  solutes  and 
that  the  blood-brain  barrier  for  them  is  located  at  the  abluminal  surface. 

From  our  theoretical,  mathematical,  and  computer  modelling  studies,  we  have 
established  that  all  ways  of  measuring  blood-to-tissue  transport  can  be 
combined  into  one  of  two--either  single  passage  or  multiple  passage--group- 
ings  and  that  a  very  specific  relationship  exists  between  these  two  general 
approaches.  With  the  single  passage  techniques,  an  extraction  fraction  (E) 
is  measured;  with  the  multiple  passage  methods,  a  plasma  or  blood  clearance 
constant  (K-)>  which  is  identical  to  the  previously  discussed  blood-to- 
tissue  transfer  constant,  is  measured.  K.  and  E  are  related  by  the  simple 
expression:  K-  =  FE  where  F  equals  either  plasma  or  blood  flow,  depending  on 
the  solute's  distribution  space  within  the  vascular  system. 

Many  pharmacologists  and  physiologists  consider  that  K.  and  E  are  synonymous 
with  permeability;  however,  our  analysis  and  those  of  others  indicate  that 
K.  and  E  are  functions  of  both  capillary  permeability  (PS)  and  blood  flow. 
Under  conditions  of  low  blood  flow  and/or  high  permeability  (PS/F  >^5),  the 
transfer  of  material  from  blood  to  tissue  is  limited  by  blood  flow  and  K- 
approaches  F  in  value.  In  case  of  high  blood  flow  and/or  low  permeability 
(PS/F  <0.1),  the  blood-tissue  transport  is  limited  by  the  permeability  of 
the  capillaries  and  K.  serves  as  a  good  measure  of  PS.  In  the  situation 
where  both  blood  flow^and  permeability  are  important  in  the  transfer  process 
(0.1  <  PS/F  <5),  K-  and  E  depend  on  both  parameters. 

In  our  studies  on  the  dogfish  shark,  an  animal  in  which  tissue  blood  flows 
are  generally  about  10%  of  those  in  mammals,  we  have  tested  this  relationship 
between  K ■ ,  PS,  and  F.  Because  of  the  low  blood  flows  in  this  species,  the 
distribution  of  substances  where  blood  to  tissue  exchange  are  strictly 
limited  by  PS  in  mammals  (e.g.  urea  and  ethylene  glycol)  becomes  both  PS  and 
F  dependent.  The  disposition  of  other  materials  whose^blood  to  tissue 
transfer  are  both  PS  and  F  dependent  in  mammals  (e.g.  H-water)  becomes 
purely  blood  flow  dependent  in  the  dogfish. 

For  a  clear  understanding  of  drug  distribution  in  various  pathological  and 
experimental  conditions,  the  dependency  of  E  and  K.  upon  PS  and  F  must  be 
appreciated.  For  example,  in  a  particular  pathological  condition  an  increase 
in  PS  may  occur  but  be  countered  by  a  marked  decrease  in  F,  thus  yielding  a 
low  rate  of  blood-tissue  exchange.  In  this  case,  to  treat  this  disease,  one 
need  not  search  for  a  more  permeable  drug  to  improve  therapy  but  rather 
should  look  for  a  way  of  increasing  blood  flow  to  the  target  tissue. 
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Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 

A  basic  understanding  of  the  movements  of  drugs,  physiological  materials, 
and  fluids  between  blood,  brain,  and  CSF  is  essential  for  an  appreciation  of 
normal  CNS  functions,  of  the  changes  caused  in  these  transport  systems  by 
various  CNS  diseases,  and  of  the  deviations  in  these  systems  which  cause 
neuropathological  changes.  To  perform  scientifically  reliable  transport 
studies,  sound  experimental  approaches  must  be  used;  therefore,  as  part  of 
our  work,  various  "improved"  techniques  for  measuring  and  analyzing  transport 
phenomena  have  been  devised.  Among  these  developments  are  better  methods  of 
determining  blood-brain  transfer  constants  for  materials  of  low  to  moderate 
blood-brain  barrier  (BBB)  permeability,  of  measuring  blood-tissue  influx  and 
efflux  coefficients  and  tissue:  plasma  partition  coefficients  for  moderately 
to  highly  permeable  substances,  of  autoradiographically  quantitating  several 
Auger  electron  emitting  nuclides,  of  doing  double-label  quantitative  auto- 
radiography and  analyzing  the  resulting  data.  These  various  techniques  will 
be  used  by  other  research  groups  who  are  interested  in  doing  pharmacological, 
physiological  and  biochemical  studies  of  the  blood-brain-CSF  system. 

Our  studies  of  glucose  utilization,  local  blood  flow,  and  blood-tissue 
permeability  in  various  brain  tumor  models  provide  information  on  the  bio- 
chemical and  physiological  changes  which  occur  around  and  within  a  metastatic 
brain  tumor.  Presumably  these  findings  will  be  relevant  and  pertinent  to 
human  metastatic  brain  tumors  and  the  design  of  better  diagnostic  procedures 
and  treatment  protocols  for  this  disease. 

The  findings  provided  by  our  distribution  studies  of  both  established  and 
prospective  chemotherapeutic  agents  are  needed  to  determine  the  best  routes 
and  schedules  for  delivering  drugs  to  the  CNS.  Without  this  knowledge 
effective  chemotherapy  can  be  easily  thwarted  by  either  inadequate  drugs  or 
inappropriate  drug  administration  schedules. 

Quantitative  autoradiography  serves  as  a  model  for  positron  emission  trans- 
axial tomography,  PETT  scanning;  therefore,  our  efforts  to  develop  ways  of 
measuring  various  biochemical,  physiological,  and  pharmacological  parameters 
in  pathological  conditions  with  quantitative  autoradiography  may  be  applied 
to  the  study  of  human  disease  using  PETT.  In  turn,  PETT  studies  of  human 
brain  tumors  and  cerebral  edema  should  confirm  or  deny  the  applicability  of 
these  experimental  methods  to  the  study  of  human  pathological  conditions  and 
enhance  or  diminish  the  predictive  value  of  our  animal  models. 

Since  the  blood-brain  barrier  often  limits  effective  CNS  drug  delivery  and 
chemotherapy,  several  ways  of  "beating"  the  BBB  are  currently  being  examined 
by  us.  These  include  not  only  "opening"  the  BBB  by  either  the  intracarotid 
injection  of  hyperosmotic  solutions  or  the  elevation  of  blood  and  body  fluid 
PCO2  but  also  "bypassing"  the  BBB  by  administration  of  the  drug  into  the 
CSF. 
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Many  CNS  lesions  cause  neural  tissue  swelling  and  elevated  intracranial 
pressure.  These  secondary  effects  are  often  times  more  destructive  and 
dangerous  than  the  lesion  itself.  Our  studies  of  the  time  course  and  the 
mechanism  of  cerebral  edema  formation  and  of  CNS  volume  regulation  should 
be  pertinent  to  the  understanding  and  control  of  this  problem. 

Our  theoretical  analysis  and  computer  modelling  of  blood-brain-CSF  transport 

systems  should  be  useful  for  making  predictions  about  the  movements  of 

drugs  and  metabolites  in  this  system  and  designing  effective  chemotherapy 
protocols. 

Proposed  Course  of  Project; 

The  Membrane  Transport  Section  intends  to  pursue  the  following  research 
goals  for  the  next  year:  (1)  devise  and  develop  new  methods  of  studying 
membrane  transport  and  material  distribution  phenomena,  (2)  improve  and 
expand  the  applications  and  usage  of  single-label  and  double-label  quantita- 
tive autoradiography,  (3)  gain  information  about  the  transport  and  distri- 
bution of  various  chemotherapeutic  agents  in  normal  animals  and  brain  tumor 
models,  (4)  study  the  transport  pathophysiology  of  various  primary  and 
metastatic  brain  tumor  models,  (5)  examine  the  effects  of  several  different 
metastatic  tissue  sites  on  the  biochemistry  and  physiology  of  the  tumor 
cells  and  the  tumor  mass  itself,  (6)  study  the  pathophysiological  reactions 
of  CNS  tissue  to  other  diseases,  radiation,  and  drug  treatment,  (7)  seek 
information  on  the  normal  mechanisms  of  amino  acid,  monosaccharide,  protein 
and  electrolyte  transport  between  blood,  brain  and  CSF,  (8)  collaborate 
with  other  groups  in  the  development  of  suitable  compounds  and  protocols 
for  PETT  scanning,  and  (9)  study  the  mechanisms  of  volume  regulation  and 
edema  formation  in  the  CNS. 
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Project  Description: 
Objectives: 

1,  To  develop  and  further  refine  a  pharmacokinetic  model  for  methotrexate 
and  other  antitumor  agents  and  apply  it  to  aid  in  understanding  drug 
action. 

2.  To  relate  pharmacokinetic  findings  to  biochemical  and  toxic  effects 
when  a  drug  is  used  alone  or  in  combination  with  other  antitumor  agents 
or  normal  body  metabolic  products  such  as  nucleosides. 

f'lethods  and  Major  Findings: 

This  pharmacokinetic  model  aided  in  the  design  of  experiments  in  cooperation 
with  Drs.  Weinstein  and  Magin  in  which  the  concept  of  whether  liposome- 
entrapped  MTX  could  be  affected  by  local  hyperthermia  to  increase  the  local 
drug  concentration  to  a  significant  degree.  This  laboratory  prepared  the 
purified  H-MTX  for  use  in  the  above  experiments  and  determined  the  doses 
by  pharmacokinetic  analysis  that  would  be  necessary  to  test  this  hypothesis. 
By  HPLC  we  also  determined  that  the  tritium  measured  in  the  plasma  and 
tumor  during  these  liposome  experiments  was  intact  methotrexate.  The  major 
findings  indeed  proved  methotrexate  could  be  delivered  to  a  locally  heated 
(41  C)  tumor  by  1 iposome-entrapped  methotrexate  when  the  liposomes  were 
prepared  so  that  they  underwent  phase  transition  at  41°C.  An  increased 
tumor  growth  delay  is  achieved  in  LI 210  tumor  bearing  mice  with  this  mode 
of  therapy,  i.e.  local  hyperthermia  with  drug  administered  in  "meltable" 
1 iposomes. 

Studies  were  conducted  with  combinations  of  5-fluorouracil  and  methotrexate. 
It  has  been  proposed  that  methotrexate  should  antagonize  5-FU  effects 
because  it  depletes  the  folate  coenzyme  necessary  to  form  the  ternary 
complex  with  5FUdMP,  5,10-methylenetetrahydrofolate  and  thymidylate  synthe- 
tase. The  use  of  methotrexate  in  this  manner  during  treatment  of  MTX 
resistant  but  5-FU  sensitive  tumors  may  protect  normal  tissues  against  5-FU 
so  that  the  5-FU  dose  can  be  escalated.  Testing  this  concept  in  normal 
animals  indicated  that  protection  of  normal  tissues  could  not  be  achieved 
and  increased  toxicity  occurred  at  all  doses  tested.  We  believe  that  this 
finding  is  related  to  the  observation  recently  reported  (Cadman,  Science 
1980)  that  MTX  also  increases  PRPP  levels  in  tissues.  This  enhanced  level 
of  PRPP  would  increase  incorporation  of  5-FU  as  the  nucleotide  into  RNA  of 
normal  tissues. 

Investigations  this  past  year  with  MTX  and  thymidine  have  indicated  that 
the  toxicity  of  MTXginfusions  that  result  in  sustained  MTX  plasma  concentra- 
tions of  around  10~  M  can  be  prevented  by  the  concommitant  infusion  of 
thymidine_^l  mg/mouse/hour),  which  results  in  plasma  thymidine  levels  of 
around  10  M.  However  L1210  bearing  mice  receiving  this  drug  treatment 
schedule  died  sooner  than  control  LI 210  mice  or  mice  treated  with  MTX 
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alone.  This  suggests  that  perhaps  thymidine,  which  enters  the  cerebral 
spinal  fluid  (predict  10"  M)  is  stimulating  more  rapid  growth  of  L1210  in 
the  CNS.  MTX,  which  does  not  significantly  get  into  the  CNS  at  this  low 
plasma  concentration,  is  ineffective  against  CNS  tumor  growth.  The  signifi- 
cance of  this  finding,  in  conjunction  with  other  investigators  findings  of 
increased  therapeutic  effects  of  this  combination  at  different  concentra- 
tions, is  that  very  careful  monitoring  of  both  the  concentration  of  MTX  and 
thymidine  is  necessary  to  achieve  beneficial  treatment. 
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of  two  adenosine  deaminase  inhibitors,  2'-deoxycoformycin  and  EHNA,  alone  and  in 
combination  with  xylosyladenine  and  ara-A  has  been  investigated  in  mice,  and 
studies  on  the  embryotoxic  and  cytogenetic  effects  of  two  inhibitors  of  de  novo 
pyrimidine  biosynthesis  (PALA  and  6-azauridine)  have  been  completed.  The 
embryotoxic  effects  of  anthracenedione,  dihydroxyanthracenedione,  and  spiro- 
germanium  are  also  being  evaluated  in  mice.  The  carcinogenic  activity  of 
various  clinically  effective  antitumor  and/or  immunosuppressive  agents,  inclu- 
ding procarbazine,  N-methyl nitrosourea,  melphalan,  azathioprine,  adriamycin, 
and  cyclophosphamide,  is  under  evaluation  in  long-term  studies  in  monkeys.  A 
survey  of  second  malignancies  developing  in  treated  cancer  patients,  initiated 
several  years  ago,  is  continuously  being  updated  using  data  from  published 
reports  and  from  several  centers  and  hospitals. 
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Project  Description: 

Objectives: 

The  project  is  designed  to  obtain  data  on  various  aspects  of  the  toxicity  of 
antitumor  agents,  including  their  embryotoxic,  cytogenetic  and  carcinogenic 
effects  in  rodents,  monkeys  and  in  the  human.  Specifically,  the  objectives 
are: 

To  evaluate  in  mice  the  embryotoxic  and  cytogenetic  effects  of  various 
classes  of  antineoplastic  agents.  These  agents  include  adenosine  deaminase 
inhibitors  and  adenosine  analogs,  inhibitors  of  de  novo  pyrimidine  nucleotide 
biosynthesis,  and  anthracenediones.  The  goal  of  such  studies  is  to  define 
differences  in  teratogenic  potency  among  groups  of  agents  with  similar 
mechanisms  of  antitumor  action  and  antitumor  spectra.   In  addition,  the 
studies  are  designed  to  provide  information  as  to  the  period  of  embryonic 
development  most  sensitive  to  the  effects  of  the  test  compounds.  The 
possibility  of  preventing  or  reversing  antitumor  agent-induced  embryotoxicity 
with  various  chemicals  is  being  evaluated.  Studies  are  also  underway  to 
follow  the  time  course  of  embryonic  drug-induced  cytogenetic  damage,  the 
extent  to  which  embryonic  tissue  is  capable  of  repairing  such  damage,  and 
the  relationship  of  embryonic  cytogenetic  damage  to  developmental  abnor- 
malities.  In  addition,  the  possibility  of  protecting  the  male  gonads 
against  antitumor  agent-induced  sterility  by  suppressing  spermatogenesis 
during  the  period  of  drug  treatment  is  being  evaluated.  Serial  mating 
studies  will  be  carried  out  in  the  animals  to  assess  their  fertility  after 
treatment,  as  well  as  to  determine  the  effects  of  drug  treatment  on  the 
survival,  frequency  of  malformations  and  tumor  incidence  in  their  offspring. 

To  evaluate  in  monkeys  the  carcinogenic  potential  of  various  clinically 
useful  antitumor  and/or  immunosuppressive  agents.   In  addition,  the  effects 
of  such  treatment  on  other  functions,  such  as  the  immune  system  and  repro- 
duction, is  under  examination.  A  significant  proportion  of  monkeys  receiving 
long-term  treatment  with  procarbazine  has  developed  a  malignancy,  about 
half  of  which  have  been  acute  leukemia  (see  below).  The  surviving  monkeys 
presently  receiving  procarbazine  are  considered  to  be  at  high  risk  of 
developing  acute  leukemia,  and  hematologic  and  cytogenetic  studies  are 
currently  being  carried  out  in  this  group  of  animals.  The  goal  of  these 
studies  in  the  procarbazine-treated  monkeys  is  to  determine  whether  a 
"preleukemic"  condition  exists  in  chemically-induced  acute  leukemia,  and  if 
so,  to  characterize  it. 

To  monitor  the  current  medical  literature  and  the  NCI  patient  data  in  order 
to  tabulate  and  characterize  adverse  effects  of  antineoplastic  agents  in 
man.  Particular  emphasis  is  being  given  to  embryotoxic,  mutagenic  and 
carcinogenic  effects  arising  from  treatment  with  clinically  effective 
antitumor  agents. 
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Major  Findings: 

Embryo toxicity  of  Antitumor  Agents 

Studies  on  the  embryotoxic  and  cytogenetic  effects  of  2  inhibitors  of  the 
enzyme  adenosine  deaminase,  2'-deoxycoformycin  (DCF)  and  erythro-9-(2-hy- 
droxy1-3-nony1)-adenine  (EHNA),  have  indicated  that  neither  compound,  when 
given  alone,  is  markedly  teratogenic.  DCF  given  daily  on  days  7-11  of 
gestation  did  not  possess  embryotoxic  activity  at  the  dose  (0.25  mg/kg) 
found  optimal  for  enhancing  the  antitumor  activity  of  adenosine  analogs 
against  experimental  animal  tumors;  however,  higher  levels  (0.375-2.0 
mg/kg)  induced  dose-related  increases  in  the  incidence  of  intrauterine 
mortality  without  producing  congenital  malformations  in  the  surviving 
fetuses.  When  single  injections  of  DCF  were  given  on  day  6,7,8  or  10  of 
gestation,  a  statistically  significant  embryolethal ,  but  not  teratogenic, 
effect  was  observed  only  at  the  highest  dose  (2.0  mg/kg)  tested.  Studies 
have  been  completed  on  the  embryotoxicity  of  DCF  in  combination  with  the 
adenosine  analogs,  xylosyladenine  (XA)  and  adenosine  arabinoside  (ara-A). 
Ara-A  alone  was  not  embryotoxic  when  given  to  pregnant  mice  as  single  ip 
doses  (12.5,  25  or  50  mg/kg)  on  day  6,7,8  or  9  of  gestation,  or  in  multiple 
doses  on  days  7-11.  However,  when  ara-A  (50  mg/kg)  was  administered  10 
minutes  after  a  non-embryotoxic  dose  of  DCF  (0.25  mg/kg)  on  day  8  or  on 
days  7-11  of  gestation,  the  incidence  of  intrauterine  mortality  and  malfor- 
mations showed  a  sharp  increase.  These  effects  were  not  noted  when  the 
combination  was  administered  on  gestational  days  6,7  or  9.  The  embryo- 
toxicity of  single  doses  of  XA  given  on  day  6,7  or  8  of  gestation  (3,30,60 
and  120  mg/kg),  as  well  as  multiple  doses  given  on  days  7-11  of  gestation 
was  also  determined.  Single  doses  of  XA  were  not  embryotoxic  nor  were 
muliple  doses  at  3.0  mg/kg.  However,  fetuses  exposed  to  30  mg/kg  of  XA 
showed  a  high  rate  of  intrauterine  mortality,  no  fetuses  survived  the  60 
mg/kg  dose,  and  maternal  lethality  was  encountered  at  120  mg/kg.  The 
embryotoxicity  of  XA  in  combination  with  DCF  (0.25  mg/kg)  on  day  6,7  or  8 
of  gestation  resembled  that  of  controls.  When  this  combination  was  adminis- 
tered on  days  7-11  of  gestation,  a  moderate  increase  over  controls  in 
embryotoxicity  was  noted.  Results  with  EHNA  indicate  that  it  is  without 
striking  embryotoxic  activity  when  given  on  days  7-11  of  gestation  at  doses 
known  to  potentiate  the  antitumor  action  of  adenosine  analogs.  When  given 
as  a  single  dose  (25,  50,  100,  150  and  200  mg/kg)  on  day  6,7  or  8  of  gesta- 
tion, EHNA  induced  statistically  significant  increases  in  the  incidence  of 
intrauterine  mortality  and  fetal  malformations  on  day  8  of  gestation  only 
at  the  2  highest  doses.  However,  it  should  be  noted  that  these  doses  were 
hypnotic  in  pregnant  mice,  since  the  mice  slept  for  1-2  hours  following 
treatment.  The  combination  of  EHNA  (12.5  mg/kg)  plus  XA  (3.0  mg/kg)  adminis- 
tered on  days  7-11  of  gestation  did  not  increase  the  incidence  of  intra- 
uterine mortality  or  malformations  over  control  levels.  However,  a  signi- 
ficant embryotoxic  effect  was  observed  when  EHNA  (12.5  mg/kg)  plus  ara-A 
(50  mg/kg)  was  administered  on  days  7-11  of  gestation.  These  results 
indicate  that  the  adenosine  analogs  are  relatively  non-toxic  to  the  embryo 
until  doses  associated  with  maternal  toxicity  are  administered.  Similarly, 
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the  teratogenic  effects  of  the  adenosine  deaminase  inhibitors  appear  to  be 
minimal.  Significant  embryotoxic  effects  were  noted  only  for  combinations 
of  the  deaminase  inhibitors  plus  ara-A,  and  these  effects  were  most  promi- 
nent when  exposure  took  place  over  days  7-11  of  gestation. 

The  embryotoxicity  of  PALA  and  6-azauridine,  two  inhibitors  of  de  novo 
pyrimidine  nucleotide  biosynthesis,  has  been  evaluated  in  mice.  The  embryo- 
lethal  and  teratogenic  effects  of  PALA  were  evaluated  in  pregnant  Swiss 
albino  mice  that  received  multiple  ip  injections  of  drug  on  days  7-11  of 
gestation.  The  effects  of  single  doses  of  PALA  given  ip  on  day  4,  5,  6,  7, 
8,  9  and  10  of  gestation  were  also  examined.  Cytogenetic  studies  were 
performed  on  cells  from  embryos  exposed  in  utero  to  embryotoxic  doses  of 
PALA,  as  well  as  on  human  peripheral  leucocytes  incubated  with  PALA  for  6  or 
48  hours.  When  given  on  days  7-11  of  gestation,  marked  embryolethal  effects 
were  noted  at  PALA  doses  of  1.5  mg/kg/day,  and  no  embryos  survived  doses  of 
6.25  mg/kg/day.  Studies  on  the  effects  of  PALA  administered  as  a  single 
dose  on  various  days  of  gestation  revealed  that  its  embryolethal  effects 
were  gestation  stage-specific;  80%  of  embryos  were  killed  in  utero  after 
exposure  to  a  dose  of  12.5  mg/kg  on  day  8,  whereas  doses  nearly  200-fold 
higher  (200  mg/kg)  were  required  to  exert  equivalent  embryolethal  effects  on 
day  6  or  day  10  of  gestation.  PALA  treatment  induced  an  increase  in  the 
incidence  of  malformations  which  occur  spontaneously  in  control  mice  rather 
than  in  malformations  not  normally  seen  in  controls,  PALA  embryotoxicity  in 
mice  apparently  does  not  derive  from  cytogenetic  damage,  as  the  incidence  of 
chromosomal  aberrations  was  not  significantly  increased  by  i_n  vitro  or  in 
vivo  exposure  to  PALA.  As  noted  above,  the  embryolethal  effects  of  PALA  are 
markedly  gestational  stage-specific  in  the  mouse.  Embryos  are  most  sensitive 
to  the  lethal  effects  of  PALA  on  day  7  and  8  of  gestation,  with  embryonic 
LDpq's  of  9  and  8  mg/kg,  respectively.  In  contrast,  the  embryonic  LDnQ  on 
day  10  of  gestation  is  144  mg/kg.  A  series  of  studies  were  carried  out  to 
determine  the  basis  for  this  marked  stage  specificity.  Following  an  ip  dose 
of  (acetyl-  C)-PALA  to  pregnant  mice,  approximately  3-fold  higher  levels  of 
radioactivity  were  present  in  day  8  than  in  day  10  embryonic  tissue,  whereas 
the  radioactive  content  of  placentas  from  day  10  pregnant  animals  was  signi- 
ficantly higher  than  in  placentas  from  day  8  pregnant  mice.  Similarly,  L- 
aspartate  transcarbamylase  (ATCase)  activity  was  greater  in  maternal  spleen, 
placentas  and  embryos  on  day  8  than  on  day  10  of  gestation,  and  PALA  treat- 
ment produced  a  greater  inhibition  of  ATCase  in  embryonic  tissue  on  day  8 
than  on  day  10;  however,  inhibition  of  placental  ATCase  activity  was  more 
pronounced  on  day  10  than  on  day  8.  Neither  single  nor  multiple  doses  of 
uridine  given  orally  to  pregnant  mice  on  day  8  of  gestation  were  effective 
in  reducing  day  8  PALA  embryolethal ity.  Carbamyl-L-aspartic  acid,  given  in 
the  drinking  water  of  pregnant  mice  on  days  7-9  of  gestation,  reduced  the 
day  8  embryolethal ity  of  PALA  from  100%  to  approximately  50%.   In  a  similar 
experiment,  the  presence  of  uridine  in  the  drinking  water  of  pregnant  mice 
reduced  PALA-induced  embryolethal ity  in  day  10,  but  not  day  8,  embryos. 
These  results  indicate  that  the  embryotoxic  effects  of  PALA  are  the  result 
of  ATCase  inhibition;  furthermore,  they  suggest  that  the  relative  insensitiv- 
ity  of  the  day  10  embryo  to  the  lethal  effects  of  PALA  may  result  either 
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from  a  greater  availability  of  uridine  to  the  day  10  versus  the  day  8 
embryo,  or  from  an  enhanced  ability  of  the  day  10  placenta  to  bind  PALA  and 
prevent  its  passage  into  the  embryo. 

Studies  of  6-azauridine  indicate  that  it  too  has  potent  embryotoxic  activity. 
When  given  on  days  7-11  of  gestation  at  100  mg/kg,  a  100%  incidence  of 
intrauterine  death  resulted.  At  50  mg/kg  given  on  days  7-11  of  gestation, 
54%  of  fetuses  were  killed  in  utero,  and  one  half  of  the  surviving  fetuses 
were  severely  malformed.  Single  doses  of  6-azauridine,  at  25,50,100  and 
150  mg/kg  were  given  on  day  6,7,8,9  or  10  of  gestation.  Although  the  10- 
day  mouse  embryo  is  apparently  resistant  to  6-azauridine,  on  days  6,7,8  and 
9  of  gestation  the  drug  induced  dose-related  increases  in  the  incidence  of 
intrauterine  deaths.  The  6-day  embryo  appears  relatively  insensitive  to 
the  teratogenic  effects  of  6-azauridine;  however,  all  dose  levels  (25,50,100 
and  150  mg/kg)  of  drug  given  on  day  7,8,9  or  10  of  gestation  induced  a 
significant  increase  in  the  incidence  of  congenital  malformations  in  sur- 
viving fetuses.  The  most  commonly  occurring  malformations  in  these  fetuses 
were  exencephaly,  cleft  palate,  and  abnormalities  of  the  axial  skeleton. 
Attempts  to  reverse  the  embryotoxic  effects  of  6-azauridine  with  uridine 
thus  far  have  not  been  successful.  The  effects  of  6-azauridine  on  human 
chromosomes  vn   vitro  and  on  chromosomes  of  cells  from  maternal  bone  marrow 
and  mouse  fetuses  in  vivo  have  been  studied.  Concentration-related  increases 
in  the  incidence  of  both  structural  and  numerical  aberrations  were  noted  in 
human  leucocytes  incubated  with  5-azauridine  at  concentrations  ranging 
between  0.2-20  yg/ml ,  and  higher  concentrations  led  to  mitotic  arrest. 
Dose-related  increases  in  the  incidence  of  chromosomal  aberrations  were 
also  found  in  maternal  bone  marrow  cells  and  embryonic  tissue  of  mice 
treated  with  6-azauridine  (25,50  and  100  mg/kg)  on  days  7-11  of  gestation. 

Studies  on  the  embryotoxicity  of  two  anthracenediones  are  underway.  Dihy- 
droxyanthracenedione  (NSC-279836)  has  been  given  to  pregnant  mice  on  day 
6,7,8,9  or  10  of  gestation  at  doses  of  1,5,10,15  or  25  mg/kg.  Significant 
embryolethal ity  was  encountered  at  doses  of  5  mg/kg  or  higher  when  the 
compound  was  injected  on  day  6  or  7  of  gestation,  and  a  parallel  increase 
in  the  incidence  of  malformations  and  a  decrease  in  fetal  body  weights  was 
noted.  The  day  8  embryo  tolerated  a  dose  of  5  mg/kg,  but  marked  embryo- 
toxicity, manifested  as  increases  in  the  incidence  of  embryolethal ity  and 
malformations  and  decreases  in  fetal  body  weights,  was  found  at  doses  of 
10,15  and  25  mg/kg.  Day  9  and  day  10  mouse  embryos  were  resistant  to  the 
embryolethal  effects  of  dihydroxyanthracenedione  at  doses  up  to  15  mg/kg; 
however,  this  dose  produced  a  significant  increase  in  the  incidence  of 
malformations  and  a  decrease  in  average  fetal  body  weights.  Regardless  of 
the  day  of  gestation  on  which  it  was  administered,  dihydroxyanthracenedione 
produced  a  significant  reduction  in  maternal  body  weights  at  doses  of  5 
mg/kg  or  higher.   In  contrast  to  dihydroxyanthracenedione,  anthracenedione 
itself  was  not  significantly  embryotoxic  when  administered  at  5,25  or  50 
mg/  kg  to  pregnant  mice  on  day  6,7,8,9  or  10  of  gestation.   In  all  treatment 
groups,  the  incidence  of  intrauterine  deaths,  the  incidence  of  malformations. 
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and  average  fetal  body  weights  resembled  controls,  although  the  50  nig/kg 
dose  produced  significant  body  weight  reductions  in  the  pregnant  females. 

Studies  on  the  embryotoxicity  of  spirogermanium  are  in  progress.  The  com- 
pound has  been  given  to  pregnant  mice  as  single  ip  injections  on  day  6,7  or 
8  of  gestation  (5,10,20,40  and  80  mg/kg),  and  as  multiple  injections  (5,10, 
20  and  40  mg/kg)  on  days  6-10  of  gestation.  Thus  far,  the  compound  appears 
to  be  without  significant  toxicity  for  the  fetus  or  its  mother. 

Evaluation  of  antitumor  agents  for  carcinogenic  activity  in  monkeys 

From  our  survey  of  second  tumors  in  treated  cancer  patients,  we  are  accumu- 
lating evidence  that  Hodgkin's  disease  patients  receiving  treatment  with  the 
MOPP  regimen,  one  component  of  which  is  procarbazine,  are  at  increased  risk 
of  developing  AML.  Although  a  causal  relationship  between  cytotoxic  drug 
therapy  and  the  appearance  of  AML  in  these  patients  has  not  yet  been  estab- 
lished, there  is  ample  evidence  that  procarbazine  is  a  potent  carcinogen  in 
mice  and  rats.  In  addition,  the  carcinogenic  potential  of  procarbazine  in 
3  species  of  non-human  primates  has  been  under  study  for  14  years.  A  total 
of  50  monkeys  have  survived  6  months  or  longer  after  the  first  dose  of  drug. 
Thirteen  of  the  41  monkeys  (26%)  necropsied  thus  far  have  had  malignant 
neoplasms,  seven  of  which  were  acute  leukemia.  Three  monkeys  developed  os- 
teogenic sarcomas,  2  monkeys  developed  hemangiosarcomas,  and  a  single  case 
of  lymphocytic  lymphoma  was  found.  The  average  total  dose  of  procarbazine 
received  by  the  monkeys  developing  malignancies  was  50.8  gm,  the  average 
duration  of  procarbazine  treatment  was  86  months.  The  9  surviving  monkeys 
in  this  study  may  represent  a  population  at  high  risk  for  developing  AML. 
For  this  reason,  they  are  being  utilized  in  hematologic  and  cytogenetic 
studies  in  order  to  determine  whether  a  "pre-leukemic"  phase  is  detectable 
prior  to  the  development  of  frank  drug-induced  leukemia.  For  this  purpose, 
sequential  bone  marrow  samples  from  all  of  the  monkeys  receiving  procarba- 
zine are  being  examined  for  alterations  in  cellular  morphology  and  for 
chromosomal  aberrations.  Since  initiation  of  these  studies,  no  specific 
chromosomal  aberrations  have  been  detected  in  bone  marrow  cells  from  the 
monkeys  and  no  additional  cases  of  acute  leukemia  have  developed.  However, 
a  number  of  the  toxic  effects  of  procarbazine  seen  clinically  are  also  noted 
in  the  monkeys,  including  vomiting  and  myelosuppression.  Its  most  striking 
toxic  effect,  however,  is  on  the  reproductive  system  of  the  males.  The 
majority  of  the  adult  males  necropsied  to  date  have  had  testicular  atrophy 
with  complete  aplasia  of  the  germinal  epithelium. 

There  is  some  evidence  that  patients  receiving  long-term  treatment  with 
melphalan  for  multiple  myeloma  or  ovarian  cancer  may  also  be  at  increased 
risk  of  developing  AML.  Although  a  causal  relationship  between  melphalan 
treatment  and  the  development  of  AML  in  these  patients  has  not  yet  been 
established,  the  carcinogenic  activity  of  this  agent  has  been  demonstrated 
in  mice  and  rats.  The  carcinogenic  potential  of  melphalan  in  non-human 
primates  is  therefore  under  study.  Twenty  monkeys^are  currently  being 
treated  by  the  oral  route  with  melphalan  (1.2  mg/m  )  daily,  5  days  a  week. 
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One  group  of^lO  monkeys  has  received  an  average  cumulative  melphalan  dose 
of  1032  mg/m  over  an  average  of  43  months.  The  second  group  of  10  monkeys 
has  been  receiving  melphalan  for  an  average  of  53  months,  and  ^uring  this 
time  has  ingested  an  average  cumulative  drug  dose  of  1272  mg/m  .  Women 
receiving  prophylactic  melphalan  therapy  for  ovarian  carcinoma  would  receive 
in  the  prescribed  18-month  dosing  period  a  total  melphalan  dose  of  660 
mg/m  ,  a  dose  lower  than  that  already  ingested  by  these  monkeys.  None  of 
the  monkeys  on  this  study  have  died  and  all  appear  to  be  healthy. 

Kidney  transplant  recipients  and  other  patients  under  chronic  immunosuppres- 
sive therapy  with  azathioprine  appear  to  be  at  risk  of  developing  malignan- 
cies, primarily  lymphomas.  Whether  this  increased  risk  is  related  to  a 
direct  oncogenic  effect  of  azathioprine  or  is  secondary  to  a  prolonged 
immunosuppressed  state  is  at  present  unclear.  The  carcinogenic  potential 
of  azathioprine  is  being  evaluated  in  two  groups  of  monkeys  receiving  the 
drug  daily,  5  days  every  week  at  doses  of  2  and  5  mg/kg,  respectively.  The 
2  mg/kg  group  is  comprised  of  14  animals  that  have  thus  far  received  an 
average  cumulative  azathioprine  dose  of  3.64  gm  over  the  course  of  approxi- 
mately three  years.  Ten  animals  are  receiving  azathioprine  at  5  mg/kg,  and 
have  ingested  an  average  cumulative  dose  of  4.0  gm  over  an  average  dosing 
interval  of  17  months.  None  of  the  monkeys  on  this  study  have  developed  a 
malignancy  and  all  appear  to  be  healthy. 

N-methyl nitrosourea  (MNU)  administered  by  iv  injection  has  been  reported  by 
clinicians  in  the  Soviet  Union  to  be  effective  in  Hodgkin's  disease  and 
undifferentiated  carcinoma  of  the  lung,  and  the  nitrosoureas  BCNU,  CCNU  and 
methyl-CCNU  have  been  used  in  this  country  to  treat  a  variety  of  human 
tumors.  The  latter  3  agents  have  been  implicated  in  the  development  of 
second  tumors  in  2  patients  receiving  treatment  for  CNS  neoplasms.  Both 
patients  were  diagnosed  with  acute  non-lymphocytic  leukemia  after  receiving 
oral  doses  of  nitrosoureas  totalling  approximately  1420  and  2700  mg/m  , 
respectively.  We  have  evaluated  the  carcinogenic  potential  of  MNU  in  three 
species  of  non-human  primates.  A  total  of  43  monkeys  have  received  oral 
doses  of  MNU  for  periods  up  to  44  months.  Nine  of  the  19  monkeys  (47%) 
necropsied  thus  far  have  had  squamous  cell  carcinoma  (SCA)  of  the  mouth, 
pharynx  and/or  esophagus;  upper  digestive  tract  lesions  such  as  atrophy  or 
dyskeratosis  of  the  esophageal  mucosa  and  esophagitis  have  been  a  consistent 
finding  among  the  19  monkeys  necropsied  to  date.  The  tumors  developed  in 
monkeys  ingesting  cumulative  MNU  doses  averaging  120.0  gm  (range  53.2-180.6 
gm)  over  an  average  of  93  months  (range  57-133  months).  A  minimum  of 
approximately  50  gm  of  MNU  appears  necessary  for  tumor  induction  by  the 
oral  route.  Many  parallels  were  noted  between  the  esophageal  SCA  observed 
in  the  present  series  of  monkeys  and  human  esophageal  carcinoma,  including 
the  clinical  manifestations  of  the  tumor,  its  complications,  its  radio- 
graphic appearance  and  its  morphology.  The  MNU-induced  lesions  of  the  oro- 
pharynx and  esophagus  of  primates  may  therefore  be  a  valuable  model  for  the 
study  of  human  esophageal  carcinoma. 
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The  potential  carcinogenicity  of  adriamycin  was2also  evaluated.  A  group  of 
10  monkeys  received  an  iv  dose  of  drug  (12  mg/m  )  once  each  month  for  23-27 
months.  At  the  end  of  the  dosing  period  it  was  intended  to  hold  the  animals 
under  observation  for  the  remainder  of  their  lives.  However,  approximately 
2  months  after  the  last  dose  of  adriamycin  8  of  10  animals  developed  conges- 
tive heart  failure.  Histopathologic  examination  of  cardiac  muscle  taken  at 
necropsy  revealed  lesions  characteristic  of  adriamycin-induced  cardiomyopa- 
thy in  humans,  and  in  some  cases  these  findings  were  confirmed  by  electron 
microscopy.  In  man,  a  cumulative  adriamycin  dose  of  550  mg/m  has  been 
associated  with  cardiac  toxicity,  non-human  primates  appear  to  be  more 
sensitive  to  adriamycin-induced  cardiomyopathy,  as  the  monkeys^in  the  pre- 
sent study  had  received  an  average  cumulative  dose  of  310  mg/m  (range  276- 
335  mg/m  ).  One  of  the  10  monkeys  developed  acute  myeloblastic  leukemia 
after  receiving  324  mg/m  of  adriamycin  divided  into  27  monthly  doses.  The 
10th  monkey  in  this  series  is  alive  and  without  evidence  of  illness.  It 
received  25  injections  of  adriamycin  totaling  300  mg/m  ,  and  received  the 
last  dose  of  adriamycin  26  months  ago.  This  study  is  being  repeated,  using 
2  groups  of  10  monkeys  each;  the  monkeys  are  receiving  monthly  iv  injections 
of  adriamycin  at  2.4  and  4.8  mg/m  ;  dosing  will  be  terminated  when  a  cumula- 
tive dose  of  240  mg/m  is  attained. 

Cyclophosphamide  is  widely  used  as  a  single  agent  and  in  combination  regi- 
mens for  treating  human  cancer;  it  is  also  being  used  with  increasing 
frequency  for  treating  various  non-malignant  disorders  such  as  rheumatoid 
arthritis.  The  association  of  transitional  cell  carcinomas  of  the  urinary 
bladder  and  acute  myelogeneus  leukemia  with  prolonged  cyclophosphamide 
treatment  of  both  malignant  and  non-malignant  disease  represents  the  basis 
for  a  recently  initiated  study  on  the  carcinogenic  potential  of  cyclophos- 
phamide in  nonhuman  primates.  Cyclophosphamide  is  being  administered 
orally,  5  days  every   week,  to  monkeys  beginning  at  6-7  months  of  age.  The 
initial  dose  (3  mg/kg)  will  be  increased  to  6  mg/kg  after  6  months  unless 
hematologic  parameters  indicate  serious  myelosuppression  at  the  3  mg/kg 
level.  Four  animals  have  thus  far  begun  cyclophosphamide  treatment;  it  is 
anticipated  that  a  total  of  20  monkeys  will  be  allotted  to  this  study. 
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Project  Description: 
Objectives: 

To  study  the  metabolic  fate  of  experimental  antitumor  agents  prior  to  clin- 
ical trial  and  to  ascertain  whether  their  metabolites  are  active  in  various 
tumor  systems. 

To  study  the  pharmacology  of  antitumor  drugs  of  current  interest  in  clinical 
chemotherapy  in  order  to  design  better  therapeutic  regimens. 

To  study  the  clinical  pharmacology  of  new  agents  in  phase  I  clinical  trials. 

To  evaluate  the  usefulness  of  new  tumor  systems  in  experimental  chemotherapy. 

To  design  new  anticancer  drugs  by  rational  approaches. 

Methods  Employed: 

Usual  pharmacologic,  biochemical,  analytical,  and  immunologic  techniques. 

Major  Findings: 

Disposition  of  m-AMSA  (NSC-141549)  in  Rats:  Identification  of  the  Principal 
Biliary  Metabolite. 

Previous  results  from  our  laboratory  have  shown  that  m-AMSA  is  rapidly 
eliminated  in  the  bile  of  rats.  Thin  layer  chromatography  of  rat  bile  on 
silica  gel  showed  the  presence  of  one  principal  metabolite  (accounting  for 
80-90%  of  biliary  metabolites)  and  several  minor  metabolites,  but  no  parent 
m-AMSA  was  detected.    C-m-AMSA  labeled. in  the  anilino  ring  was  recently 
obtained,  and  comparative  studies  with   C-m-AMSA  labeled  in  the  acridine 
ring  indicated  that  the  principal  biliary  metabolite  had  both  the  acridine 
and  anilino  rings  intact.  Isolation  and  purification  of  the  principal 
metabolite  was  achieved  by  preparative  thin  layer  chromatography  on  silica 
gel  and  column  chromatography  on  Amberlite  XAD-2  resin.  A  proton  magnetic 
resonance  (PMR)  spectrum  of  the  DCl  salt  in  D^O  showed  that  the  metabolite 
is  the  m-AMSA-glutathione  conjugate  in  which  the  thioether  linkage  occurs 
at  the  5'  position.  Synthesis  of  the  metabolite  was  achieved  by  oxidizing 
m-AMSA  with  active  manganese  dioxide  to  N-, '-methanesulfonyl-N, '-(9-acridin- 
yl )-3'-methoxy-2' ,5'-cyclohexadiene-l ' ,4'-diimine  (m-AQDI)  followed  by 
reaction  of  m-AQDI  with  glutathione.  Furthermore,  reaction  of  the  principal 
metabolite  (m-AMSA-5'-glutathione)  with  excess  glutathione  results  in  the 
formation  of  the  9-acridine-thioether  of  glutathione.  The  9-acridine- 
thioether  of  glutathione,  reported  previously  to  be  the  principal  biliary 
metabolite  of  m-AMSA,  was  found  in  small  quantities  migrating  close  to  the 
principal  biliary  metabolite  on  silica  gel  thin  layer  chromatography.  The 
demonstration  that  the  principal  biliary  metabolite  of  m-AMSA  involves 
glutathione  bound  to  the  9-anilino  ring  suggests  that  m-AMSA  may  be  bio- 
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activated  in  vivo  to  the  quinoidal  diimine,  m-AQDI. 

Disposition  of  m-AMSA  (NSC-141549)  in  Rats:  Metabolism  by  Rat  Liver  Micro- 
somes : 

Previous  studies  from  our  laboratory  have  shown  that  compounds  which  alter 
microsomal  metabolism  (metyrapone  and  phenobarbital )  also  influence  the 
disposition  of  m-AMSA  in  rats.  Also,  identification  of  the  principal  bi- 
liary metabolite  as  m-AMSA-5'-glutathione  suggested  that  metabolic  oxidation 
may  be  occuring  in  vivo.  Studies  were  initiated  to  determine  if  m-AMSA  is 
metabolized  by  isolated  rat. liver  microsomes,  and,  if  so,  to  identify  the 
metabolic  products.  When   C-m-AMSA  was  incubated  with  rat  liver  micro- 
somes in  the  presence  of  an  NADPH  generating  system  and  oxygen,  an  increas- 
ing amount  of  radioactivity  became  attached  to  microsomal  protein  with  time 
and  could  not  be  removed  by  extraction.  Two  products  were  observed  in  the 
HPLC  analysis  of  the  ethyl  acetate  extract.  One  of  the  products  was  present 
in  large  quantities  and  was  identified  by  mass  spectral  analysis  to  be  N, '- 
methanesulfonyl-N, '-(9-acridinyl )-3'-methoxy-2' ,5'-cyclohexadiene-l ' ,4'- 
diimine  (m-AQDI).  The  other  product  behaved  identically  on  HPLC  as  authen- 
tic 3'-methoxy-4'-(9-acridinylamino)-2' ,5' -cyclohexadien-1 '-one  (m-AQI) . 
m-AQDI  and  m-AQI  were  synthesized  and  found  to  react  spontaneously  with 
proteins  to  form  covalently  bound  compounds.  m-AQDI  reacted  with  reducing 
agents,  particularly  NADPH,  to  form  parent  m-AMSA  and  with  glutathione 
(GSH)  to  form  an  m-AMSA-GSH  conjugate  with  GSH  attached  at  the  5'  position. 
The  m-AMSA-GSH  conjugate  is  the  principal  metabolite  in  rat  bile.  The 
percent  of  m-AMSA  metabolized  with  time  was  quantitated  by  extraction  of 
unchanged  m-AMSA  with  ethyl  acetate.  When  5  x  10"  M   C-m-AMSA  v;as  incu- 
bated with  rat  liver  microsomes  (2  mg),  cytosol  (5  mg  soluble  protein),  an 
NADPH  generating  system  and  oxygen,  an  increasing  amount  of  radioactivity 
became  non-extractable  with  time.  The  percentage  of  m-AMSA  non-extractable 
was  linear  for  5  minutes  after  the  start  of  the  incubation.  Approximately 
10%  of  the  m-AMSA  was  non-extractable  by  5  mins  and  increased  to  40%  at  60 
mins.  When  varying  concentrations  of   C-m-AMSA  were  incubated  for  4 
minutes  and  extracted  as  above,  an  apparent  K  of  2.5  x  10"  M  was  observed. 
The  m-AMSA  that  is  not  extractable  with  ethyl'^acetate  was  found  to  be 
associated  with  the  microsomal  and  cytosol ic  proteins.  m-AQI  was  found  to 
react  with  calf  thymus  DNA  and  could  not  be  removed  by  exhaustive  dialysis. 
Cytotoxicity  experiments  utilizing  L1210  cells  in  vitro  demonstrated  that 
m-AQDI  and  m-AQI  were  considerably  more  toxic  than  m-AMSA,  whereas  the  m- 
AMSA-GSH  conjugate  was  not  cytotoxic.  These  studies  indicate  that  m-AMSA 
may  be  bioactivated  in  vivo  to  a  highly  reactive  quinoidal  intermediate 
which  could  react  with  critical  macromolecules  resulting  in  cell  death,  or 
with  non-critical  molecules  such  as  GSH  resulting  in  detoxification  and 
elimination. 

Distribution  of  m-AMSA  (NSC-249992)  in  the  CSF  of  the  Rhesus  Monkey 

m-AMSA  has  been  used  with  considerable  clinical  success  against  the  leuke- 
mias,  with  complete  remissions  reaching  30%  in  previously  treated  patients. 
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Because  of  its  anti -leukemic  activity,  m-AMSA  is  being  considered  as  a 
third-line  drug  against  meningeal  leukemia  which  has  become  refractory  to 
standard  therapy.  We  are  studying  the  CSF  pharmacokinetics  of  m-AMSA  in 
the  rhesus  monkey  to  better  define  the  feasibility  of  using  the  drug  clini- 
cally. The  monkeys  have  subcutaneously  implanted  Ommaya  reservoirs  which 
permit  multiple  samplings  of  CSF  from  the  4th  ventricle. 

Initial  studies  in  which  m-AMSA  was  given  intravenously  revealed  poor  CSF 
penetration;  CSF  concentrations  never  exceeded  2-4%  of  blood  levels. 
Intraventricular  administration  of  50  yg  of  m-AMSA  revealed  no  acute  toxicity 
to  the  monkey  and  measurement  of  the  CSF  revealed  peak  concentrations  of  2- 
4  X  10"  M  m-AMSA.  These  concentrations  are  known  to  be  cytotoxic  to  cells 
in  culture.  Two  hours  after  intraventricular  admini  strati  on, -^m-AMSA  con- 
centration in  the  4th  ventricle  fell  to  approximately  5  x  10"  M.  Work  is 
underway  to  evaluate  the  response  of  the  monkey  to  doses  of  500  yg  intra- 
ventricularly  and  to  evaluate  ventricular  levels  of  m-AMSA  when  the  drug  is 
given  by  lumbar  puncture. 

Distribution  of  AZQ  (NSC-182986)  in  the  CSF  of  Rhesus  Monkeys 

An  evaluation  of  the  ability  of  AZQ  to  enter  the. CSF  of  the  rhesus  monkey 
was  completed.  Four  monkeys  were  treated  with   C-AZQ  at  a  dose  of  0.25 
mg/kg  intravenously  and  samples  of  CSF  were  obtained  from  the  4th  ventricle 
through  permanently  implanted  Ommaya  reservoirs.  Radioactivity  in  the  CSF 
was  found  to  reach  30-40%  of  serum  concentrations  at  1  hour  following  the 
intravenous  administration  of  the  drug.  The  decline  in  plasma  radioactivity 
was  apparently  triphasic  with  t-l/2's  of  0.5,  1.8,  and  90  hours.  Parent 
AZQ  is  known  to  extract  into  chloroform.  When  radioactivity  in  the  chloro- 
form extract  of  CSF  and  plasma  was  measured,  the  radioactivity  from  both 
plasma  and  CSF  showed  monophasic  declines  with  terminal  half-lives  of  less 
than  1  hour.  TLC  analysis  of  the  chloroform  extract  showed  that  2  hours 
after  administration  of  AZQ  only  29%  of  the  radioactivity  in  the  plasma  ex- 
tract had  the  R^  of  parent  AZQ  while  79%  of  the  radioactivity  in  the  CSF 
was  associated  with  the  parent  AZQ.  The  remaining  71%  of  plasma  radioac- 
tivity was  accounted  for  in  2  spots  with  R^  =  0.80  (47%)  and  R^  =  0.86 
(24%).  In  the  CSF  there  was  only  one  major  metabolite  spot  at  R^  =  0.79. 

Pharmacologic  Studies  of  Misonidazole  (R07-0582;  NSC-261037) 

Pharmacological  studies  of  misonidazole  during  Phase  I  clinical  studies 
using  an  iv  preparation  are  continuing  in  an  effort  to  attain  maximum  tumor 
levels  of  the  drug  with  a  minimum  total  dose  at  the  time  of  radiation 
treatment  and  to  minimize  total  tissue  time  of  exposure  to  the  drug.  The 
latter  goal  seems  important  since  the  dose  limiting  effect  of  radiosensi- 
tizers  such  as  misonidazole  is  neurotoxicity  and  there  has  been  considerable 
speculation  that  this  toxicity  may  be  related  to  tissue  time  of  exposure  to 
the  drug.  The  rate  of  misonidazole  uptake  into  tumor  tissue  after  iv 
administration  was  studied  in  two  patients,  both  with  melanoma,  by  obtaining 
serial  excisional  biopsies  of  entire  tumor  nodules.  As  our  previous  pharmaco- 
kinetic model  predicted,  maximum  tumor  levels  of  misonidazole  were  obtained 

544 


ZOl  CM  03506-17  LCHP 

20  min  and  10  min  after  iv  administration  of  the  drug  and  the  levels  averaged 
80%  of  those  measured  in  the  plasma  at  the  same  time  point.  These  data 
suggest  that  maximum  tumor  levels  of  misonidazole  occur  much  earlier  after 
iv  administration  than  the  time  (2-4  hrs)  observed  after  oral  administration 
of  the  drug.   In  order  to  determine  whether  these  gross  tumor  levels  of 
drug  relate  to  the  concentration  of  drug  in  the  hypoxic  cells  autoradiograph- 
ic studies  in  rats  bearing  flank  tumors  have  been  initiated  to  establish 
the  rate  of  uptake  of  misonidazole  into  various  regions  of  the  tumor  cell 
after  iv  administration. 

As  stated,  the  dose  limiting  effect  of  misonidazole  is  neurotoxicity  and 
may  be  related  to  total  tissue  exposure  to  the  drug.  Increased  metabolism 
and  plasma  clearance  of  misonidazole  due  to  microsomal  enzyme  induction  was 
suggested  by  a  decreased  plasma  elimination  half-life  in  patients  who  were 
receiving  both  phenytoin  and  misonidazole  (45%  <  controls).  To  investigate 
this  pharmacological  effect,  studies  in  the  rat  were  undertaken  to  assess 
the  effect  of  prior  treatment  (7-18  days)  with  2  known  liver  enzyme  inducers, 
phenytoin  and  phenobarbital .  Also  included  in  these  studies  were  dexametha- 
sone  and  misonidazole  itself.  The  results  of  these  studies  showed  an  in- 
creased rate  of  metabolism  in  rats  pretreated  with  either  phenytoin  (150%  > 
controls)  or  phenobarbital  (300%  >  controls).  The  variation  in  plasma  eli- 
mination of  misonidazole  in  man  due  to  increased  metabolism  only  slightly 
affected  the  predicted  maximum  tumor  level  of  misonidazole  and  time  at 
which  it  was  reached  after  either  iv  or  oral  administration.  However,  it 
did  reduce  the  area  under  the  plasma  time  curve  (63%  <  controls).  During 
the  Phase  I  clinicai^  studies  of  iv  administered  misonidazole  the  toxic  dose 
reached  was  2.0  g/m^  on  a  twice  weekly,  for  5  weeks  schedule.  To  establish 
whether  increased  metabolism  of  misonidazole  will  reduce  toxicity,  studies 
are  planned  in  which  patients  will  receive  phenytoin  prior  to  treatment 
with  misonidazole. 

Concerning  the  mechanism  of  neurotoxicity  associated  with  these  nitro 
imidazole  radiosensitizers,  studies  are  being  initiated  to  establish  if 
these  drugs  covalently  bind  to  cell  constituents  and  to  investigate  the 
metabolism  of  these  compounds  under  anaerobic  conditions  to  determine 
whether  the  nitro  group  is  reduced  to  form  active  species  which  may  be 
associated  with  the  neurotoxicity  observed  with  use  of  these  compounds. 

Pharmacokinetic  Studies  of  Desmethyl-misonidazole  (R005-9963;  NSC-261036) 

Desmethyl -misonidazole,  a  metabolite  of  misonidazole,  has  been  shown  to  be 
effective  itself  as  a  radiosensitizer  and  was  observed  to  be  less  toxic  in 
mice  than  misonidazole.-  In  anticipation  of  Phase  I  clinical  trials  with 
this  compound,  the  pharmacokinetics  of  desmethyl-misonidazole  were  studied 
in  dogs  after  both  oral  and  iv  administration.  The  results  of  these  studies 
showed  that  after  iv  administration  the  drug  was  rapidly  distributed  (mean 
t-1/2  =  2  min)  into  an  apparent  volume  of  distribution  (Vss  -  762  ml/kg) 
similar  to  that  observed  for  iv  administered  misonidazole  in  the  same 
species.  The  plasma  elimination  halftime  averaged  2.6  hrs  as  compared  to 
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4.8  hrs  as  reported  for  misonidazole  in  dogs.  Urine  recovery  of  desmethyl- 
misonidazole  after  drug  administration  averaged  38%  of  the  dose.  Following 
oral  administration,  desmethyl -misonidazole  was  rapidly  absorbed  and  reached 
maximum  plasma  levels  after  1  hr.  Absolute  bioavailability  of  the  drug 
following  oral  administration  was  determined  to  be  70%. 

Analysis  of  the  Radioprotector  Drug  S-2-[3-aminopropylamino]-ethylphosphoro- 
thioc  Acid  (WR-2721). 

In  anticipation  of  Phase  I  clinical  trials  using  WR-2721  as  a  radioprotect- 
or alone  and  in  combination  with  radiosensitizer  drugs,  we  have  initiated 
studies  to  quantitate  this  compound  and  its  hydrolyzed  metabolite  in  biolog- 
ical fluids.  The  ability  to  quantitate  this  drug  is  a  necessary  prerequisite 
for  pharmacological  studies.  Special  emphasis  will  be  placed  on  the  pharma- 
cokinetics since  timing  of  radiation  treatment  with  drug  administration  may 
be  crucial  with  this  compound,  especially  when  used  in  conjunction  with  the 
radiosensitizing  drugs. 

Disposition  of  Dihydroxyanthracenedione  (NSC-279836)  in  Rats 

Dihydroxyanthracenedione  (DHAD)  is  presently  undergoing  Phase  I  clinical 
evaluation.  Disposition  studies  were  initiated  in  rats  to  provide  ad- 
ditional pharmacologic  data  to  aid  in  the  clinical  use  of  this  compound. 

C-DHAD  was  administered  intravenously  at  doses  of  0.5  mg/kg  and  3  mg/kg. 
DHAD  had  an  apparently  synergistic  depressant  effect  with  pentobarbital 
since  3  mg/kg  was  lethal  to  animals  under  deep  anesthesia.  Plasma  radio- 
activity disappearance  curves  fit  a  two  compartment  open  model.  The 
elimination  half-life  of  the  3  phase  was  2  hours  following  the  0.5  mg/kg 
dose  but  was  5.5  hours  following  the  3  mg/kg  dose,  indicating  saturation  of 
elimination  processes.  Radioactivity  was  excreted  in  urine  and  feces  in 
equal  amounts.  Negligable  amounts  of  radioactivity  were  found  in  expired 
air.  Binding  of  DHAD  or  metabolites  to  cellular  materials  was  prolonged, 
since  significant  amounts  of  radioactivity  were  found  in  most  tissues  up  to 
14  days  after  administration.  Accordingly,  plasma  disappearance  kinetics 
indicated  a  large  volume  of  distribution.  Attempts  to  separate  parent  DHAD 
from  possible  metabolites  were  not  successful.  An  HPLC  technique  for 
assaying  DHAD  has  been  developed  and  will  be  used  in  future  studies  to 
quantitate  the  distribution  of  parent  DHAD  and  to  search  for  metabolites. 

Studies  on  Microwave  Hyperthermia  and  the  Use  of  Temperature-Sensitive 
Liposomes  to  Localize  Drug  Effects 

Previous  studies  in  our  laboratory  showed  that  specially  formulated  heat- 
labile  liposomes  could  be  used  to  enhance  the  accumulation  of  MTX  in  Lewis 
lung  carcinomas  in  mice  by  the  application  of  microwave  hyperthermia  at  the 
tumor  site.  The  local  hyperthermia  caused  the  liposomes  to  break  down  and 
release  their  contents  preferentially  in  the  tumor  area.  These  studies  have 
been  extended  using  LI 210  tumors  which  are  sensitive  to  the  cytotoxic  ef- 
fects of  MTX.  The  temperature-sensitive  liposomes,  containing  H-radio- 
labeled  methotrexate  ([  H]MTX),  were  made  by  sonication  of  dipalmitoyl 
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phosphatidylcholine  and  distearoyl  phosphatidylcholine  (7:3  by  weight)  and 
were  injected  iv  into  mice  with  L1210  tumor  implanted  in  each  hind  foot. 
The  lipid  was  radiolabeled  with  [  C]dipalmitoyl  phosphatidylcholine. 
Encapsulated  [^H]MTX  at  a  dose  of  0.0058  mg/kg  was  cleared  from  the  plasma 
more  rapidly  when  one  foot  was  heated  to  42°  in  a  water  bath  than  when 
neither  foot  was  heated.  This  finding  indicated  release  of  methotrexate 
(MTX)  from  liposomes  in  the  small  fraction  of  blood  circulating  through  the 
heated  foot.  Four  hrs  after  injection  of  liposomes,  the  heated  tumors 
contained  an  average  of  14  times  as  much  [  H]MTX  as  did  the  unheated  ones. 
A  large  dose  (300  mg/kg)  of  free,  unlabeled  MTX  effectively  blocked  incorpo- 
ration of  [  H]MTX  but  not  of  [  C]dipalmitoyl  phosphatidylcholine  into  the 
tumors,  indicating  that  the  differences  observed  with  heating  did  not 
simply  represent  liposomes  sequestered  in  the  extravascular  space  of  the 
tumors.  Similar  inhibition  was  seen  with  a  dose  of  dl-L-calcium  leucovorin 
(300  mg/kg),  a  compound  which  competes  with-MTX  for  membrane  transport.  A 
larger  fraction  of  injected  lipid  than  of  [  H]MTX  remained  in  the-jCirculation 
after  4  hr,  and  there  was  less  than  a  factor  of  2  difference  in  [  C]dipalmi- 
toyl  phosphatidylcholine  uptake  between  heated  and  unheated  tumors.  These 
findings  combined  with  those  from  our  previous  studies  in  vitro  suggest  the 
following  picture.  The  temperature-sensitive  liposomes  break  down  preferen- 
tially in  the  heated  tumor.  Some  of  the  released  drug  is  taken  up  into  the 
tumor  cells  via  the  usual  transport  mechanisms  for  MTX,  and  the  rest  circu- 
lates in  the  bloodstream  to  be  cleared  into  other  tissues  and  finally  from 
the  body  by  liver  and  kidneys.  The  lipid  continues  to  circulate  longer 
partly  in  association  with  serum  apolipoproteins. 

In  chemotherapy  studies  with  MTX  (3  mg/kg),  the  major  findings  were  these: 

(a)  liposome-encapsulated  MTX  caused  a  greater  delay  in  tumor  growth  than 
did  an  equivalent  concentration  of  free  MTX  with  or  without  heating;  and 

(b)  heating  alone  of  the  tumor  to  42°  for  1  hr  delayed  tumor  growth  for 
about  0.7  d,  whereas  heating  increased  by  about  2.8  days  the  growth  delay 
observed  with  heat-sensitive  liposomes  containing  MTX  (3  mg/kg).  The  non- 
additive  effect  (about  2.1  days)  corresponds  to  an  extra  cell  kill  of  4-  to 
16-fold.  The  magnitude  of  the  nonadditive  effect  was  probably  limited  by 
such  factors  as  saturation  of  cellular  transport  mechanisms  for  MTX  and 
saturation  of  the  ability  of  the  serum  to  release  MTX  from  liposomes  at  the 
phase  transition. 
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Project  Description: 
Objectives: 

To  evaluate  the  carcinogenic  potential  and  long-term  adverse  effects  of 
clinically  useful  antineoplastic  and  immunosuppressive  agents. 

To  obtain  data  on  which  to  base  a  comparison  of  the  response  of  non-human 
primates  and  rodents  to  materials  known  or  suspected  to  be  carcinogenic  to 
man,  and  thereby  to  evaluate  the  relative  merits  of  rodents  and  non-human 
primates  in  predicting  for  man. 

To  develop  model  tumor  systems  in  primates  for  evaluating  the  potential 
usefulness  of  new  anticancer  agents  active  against  rodent  tumors  before 
these  agents  are  administered  to  cancer  patients. 

To  determine  whether  the  non-human  primate  resembles  the  rodent  in  that  it 
is  more  susceptible  to  chemical  carcinogenesis  as  a  neonate  than  as  an 
adult. 

To  evaluate  the  possibility  of  preventing  or  reversing  chemical  carcinoge- 
nesis in  non-human  primates  with  nucleophiles  or  immunostimulation. 

To  use  normal  and  tumor-bearing  non-human  primates  for  studying  the  pharma- 
cological, toxicological ,  and  chemotherapeutic  properties  of  various  anti- 
cancer, antiviral,  and  antimicrobial  agents. 

To  carry  out  comparative  biochemical  and  immunological  studies  using  normal 
animals,  animals  with  preneoplastic  lesions,  and  animals  with  malignant 
neoplasms. 

To  develop  biological  markers  as  an  aid  in  detecting  preneoplastic  changes 
and  for  use  in  the  early  diagnosis  of  tumors. 

Methods  Employed: 

Compounds  Under  Investigation: 

Twenty-seven  substances  are  currently  under  investigation  or  have  been 
investigated,  including:  3-methylcholanthrene,  dibenz(a,h)anthracene, 
3,4,9,10-di,benzpyrene,  N-2-fluorenylacetamide,  N,N-2,7-fluorenylenebisaceta- 
mide,  ethyl  carbamate,  N,N'-dimethyl-p-phenylazo-analine,  N,N'-dimethyl-p- 
(m-tolylazo)-analine,  methyl  nitrosourea,  aflatoxin  B-, ,  methyl  azoxymethanol 
acetate,  cyclamate,  saccharin,  di chlorodi phenyl trichioroethane,  N-methyl- 
N'-nitro-N-nitrosoguanidine,  low  density  polyethylene  plastic,  cigarette 
tobacco  smoke  condensate,  1-nitrosopiperidine,  N-nitrosodiethylamine,  N- 
nitrosodi propyl  amine,  arsenic,  sterigmatocystin,  Imuran,  Adriamycin,  procar- 
bazine, L-phenylalanine  mustard  and  cyclophosphamide. 
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The  compounds  are  administered  subcutaneously,  intravenously,  intraperito- 
neally  or  orally.  For  oral  administration  to  newborn  monkeys,  the  compound 
is  added  to  the  Similac  formula  at  the  time  of  feeding;  when  the  monkeys 
are  six  months  old,  carcinogens  given  orally  are  incorporated  into  a  vitamin 
mixture  which  is  given  to  monkeys  as  a  vitamin  sandwich  on  a  half  slice  of 
bread.  An  alternate  way  of  giving  doses  orally  is  to  incorporate  the 
compound  into  a  prune  or  to  intubate.  The  dose  level  chosen  is  dependent 
on  the  chemical  under  evaluation.  Antineoplastic  and  immunosuppressive 
agents  are  administered  at  doses  likely  to  be  encountered  in  a  clinical 
situation;  other  substances,  such  as  environmental  contaminants,  are  given 
at  levels  10-40  fold  higher  than  the  estimated  human  exposure  level.  The 
remainder  of  the  chemicals  tested  are  administered  at  maximally  tolerated 
doses  which,  on  the  basis  of  weight  gain,  blood  chemistry  and  hematology 
findings,  and  clinical  observations,  appear  to  be  devoid  of  acute  toxicity. 

Animals 


The  present  colony,  consisting  of  approximately  540  animals,  is  comprised 
of  four  species:  Macaca  mulatta  (rhesus),  Macaca  fasicularis  (cynomolgus), 
Cercopithecus  aethiops  (African  green)  and  Galago  crassicaudatus  (bush- 
babies).  Eighty  of  these  monkeys  are  adult  breeders  which  supply  the  new- 
borns for  experimental  studies.  The  majority  of  the  animals  are  housed  in 
an  isolated  facility  which  contains  only  animals  committed  to  this  study, 
and  with  the  exception  of  the  breeding  colony,  most  animals  are  housed  in 
individual  cages.  Newborns  produced  by  the  breeding  colony  are  taken 
within  12  hours  of  birth  to  the  nursery  which  is  staffed  on  a  24  hour 
basis.  The  administration  of  test  compounds  is  usually  Initiated  within  24 
hours  of  birth  and  continues  until  a  tumor  is  diagnosed  or  until  a  pre- 
determined exposure  period  has  been  completed.  A  minimum  of  30  animals  is 
usually  allotted  to  each  treatment  group,  since  in  a  sample  of  this  size  it 
is  possible  to  detect  a  tumor  incidence  of  10%  within  95%  confidence  limits. 

A  variety  of  clinical,  biochemical  and  hematological  parameters  are  monitored 
weekly  or  monthly,  not  only  to  evaluate  the  general  health  status  of  each 
animal,  but  also  for  the  early  detection  of  tumors.  Surgical  procedures 
are  performed  under  phenycylidine  hydrochloride,  Ketamine  or  sodium  pentobar- 
bital anesthesia.  All  animals  which  die  or  are  sacrificed  are  carefully 
necropsied  and  the  tissues  subjected  to  histopathologic  examination. 

Major  Findings: 

Compounds  Carcinogenic  in  Non-Human  Primates 

Nine  of  the  27  substances  evaluated  have  induced  malignant  neoplasms  in 
non-human  primates,  producing  a  tumor  incidence  ranging  from  9.1-100%  of 
the  treated  animals.  The  compounds  are:  N-nitrosodiethylamine,  1-nitroso- 
piperidine,  N-nitrosodipropylamine,  aflatoxin  B-, ,  methyl azoxymethanol 
acetate,  procarbazine,  methyl  nitrosourea,  urethane  and  adriamycin. 
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Nitrosoamine  Carcinogenesis 

N-nitrosodi ethyl  amine  (DENA)  has  induced  tumors  in  32  out  of  45  Old  World 
monkeys  receiving  oral  treatment  with  40  mg/kg  5  times  a  week.  These 
tumors,  all  of  which  were  hepatocellular  carcinomas,  developed  in  rhesus, 
cynomolgus  and  African  green  monkeys  which  had  received  the  initial  dose  of 
DENA  either  at  birth,  at  1-8  months  postpartum,  or  as  adults.  The  average 
latent  period  for  tumor  development  was  38  months  with  a  range  of  14-148 
months.  The  average  total  dose  of  DENA  ingested  by  the  monkeys  developing 
tumor  was  26.5  gm,  and  ranged  from  6-58  grams.  There  is  some  indication 
that  monkeys  receiving  the  initial  dose  of  DENA  at  birth  required  less 
total  DENA  for  tumor  development  than  those  monkeys  in  which  initial  treat- 
ment was  delayed  until  1-8  months  postpartum  or  until  adulthood.  However, 
the  number  of  animals  in  each  group  is  not  sufficiently  large  to  test  the 
statistical  significance  of  this  apparent  difference.  DENA  was  also  carcino- 
genic when  given  by  the  ip  route.  A  total  of  98  Old  IJorld  monkeys  given 
bimonthly  doses  (40  mg/kg)  of  DENA  developed  hepatocellular  carcinomas. 
The  average  latent  period  was  17  months  (range  6-32  months)  and  the  average 
total  dose  of  DENA  necessary  for  tumor  development  was  1.7  grams  (range 
0.39-4.08  gm).  The  latent  period  and  the  total  dose  required  for  tumor 
development  appeared  to  be  independent  of  the  age  at  which  dosing  was 
initiated  as  well  as  of  the  species  and  sex  of  the  animals. 

DENA  is  also  carcinogenic  in  the  more  primative  primate  Galago  crassicaudatus, 
Ten  out  of  a  total  of  12  animals  have  developed  tumors  after  bimonthly  ip 
injections  of  DENA  at  doses  of  10-30  mg/kg.  In  contrast  to  the  DENA- 
induced  primary  hepatocellular  carcinomas  in  Old  World  monkeys,  all  10  of 
the  bushbabies  developed  mucoepidermoid  carcinomas  of  the  nasal  cavity.  In 
2  of  these  10  animals,  carcinoma  of  the  liver  was  also  present,  and  in  both 
cases  metastases  to  the  lungs  or  to  intestinal  lymph  nodes  was  noted.  The 
average  total  dose  of  DENA  given  the  bushbabies  was  0.747  gm,  and  ranged 
from  0.295-1.485  gm.  The  latent  period  averaged  20  months  (range  12-27 
months). 

Two  other  nitrosamines  have  induced  primary  hepatocellular  carcinomas  in 
monkeys.  N-nitrosodipropylamine  (DPNA)  induced  liver  tumors  in  all  6  of 
the  rhesus  and  cynomolgus  monkeys  given  bimonthly  ip  doses  of  40  mg/kg. 
The  average  total  dose  of  DPNA  was  7.0  gm;  the  average  latent  period  for 
tumor  development  was  28.5  months.  1-nitrosopiperidine  (PIP)  is  also  an 
hepatocarcinogen  in  macaques.  Hepatic'  cell  carcinomas  developed  in  11  of 
12  monkeys  receiving  this  compound  by  the  oral  route,  and  in  4  out  of  11 
monkeys  treated  by  the  ip  route.  The  average  cumulative  dose  necessary  for 
tumor  induction  by  PIP  given  orally  (1706.1  gm)  was  higher  than  for  oral 
DENA  (26.5  gm);  similarly,  the  average  cumulative  dose  of  PIP  given  by  the 
ip  route  (50.95  gm)  exceeded  that  required  for  tumor  induction  by  ip  DENA 
(1 .71  gm)  or  ip  DPNA  (7.0  gm). 
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Carcinogenic  Activity  of  Aflatoxin  B-j  and  Methyl azox.ymethanol  Acetate 

Aflatoxin  B-,  (AFB-,)  and  methyl azoxymethanol  acetate  (MAM-acetate) ,  two 
substances  known  to  be  contaminants  of  human  foodstuffs,  are  carcinogenic 
in  non-human  primates.  The  carcinogenicity  of  AFB-.  has  been  under  evalu- 
ation in  non-human  primates  for  the  past  14  years.  A  total  of  47  Old  World 
monkeys,  chiefly  rhesus  and  cynomolgus,  have  received  AFB-j  by  ip  (0.125- 
0.25  mg/kg)  and/or  oral  (0.1-0.8  mg/kg)  routes  for  2  months  or  longer,  and 
12  are  currently  alive  and  without  evidence  of  tumor.  Thirteen  of  the  35 
monkeys  necropsied  to  date  (37%)  developed  one  or  more  malignant  neoplasms, 
yielding  an  overall  tumor  incidence  of  28%.  Five  of  the  neoplasms  were 
primary  liver  tumors  (2  hepatocellular  carcinomas  and  3  hemangioendothelial 
sarcomas),  and  2  cases  of  osteogenic  sarcoma  were  found.  Other  tumors 
diagnosed  were  6  carcinomas  of  the  gall  bladder  or  bile  duct,  3  tumors  of 
the  pancreas  or  its  ducts  and  1  papillary  Grade  I  carcinoma  of  the  urinary 
bladder.  The  tumors  developed  in  animals  receiving  an  average  total  AFB-, 
dose  of  709  mg  (range  99-1354  mg)  for  an  average  of  114  mo.  (range  47-147 
mo.).  Fifteen  of  the  22  (68%)  necropsied  monkeys  without  tumor  showed 
histologic  evidence  of  liver  damage,  including  toxic  hepatitis,  cirrhosis 
and  hyperplastic  liver  nodules.  These  animals  had  received  an  average 
total  AFB-,  dose  of  363  mg  (range  0.35-1368  mg)  for  an  average  of  55  mo. 
(range  2-141  mo.).  Our  results  indicate  that  AFB,  is  a  potent  hepatotoxin 
and  carcinogen  in  non-human  primates,  and  further  support  the  hypothesis 
that  humans  exposed  to  this  substance  may  be  at  risk  of  developing  liver 
cancer. 

Cycasin,  the  active  principle  in  the  cycad  nut,  induces  liver  and  kidney 
tumors  in  rats  and  may  be  a  human  carcinogen  as  well.  The  carcinogenic 
potential  of  cycasin  and  its  aglycone,  MAM-acetate,  is  under  investigation 
in  non-human  primates.  Old  World  monkeys  (rhesus,  cynomolgus,  and  African 
greens)  received  cycasin  and/or  MAM-acetate  by  po  or  ip  routes  for  periods 
up  to  11  years.  Eighteen  monkeys  survived  >  2  mo  after  initiation  of 
treatment  with  cycasin  (50-75  mg/kg)  or  MAM-acetate  (1.5-3.0  mg/kg)  given 
po  daily  5  days/week,  and  9  of  the  animals  have  been  necropsied.  Histo- 
pathologic examination  of  tissue  from  one  of  these  monkeys  revealed  hepato- 
cellular carcinoma.  A  second  monkey  was  noted  to  have  multiple  tumors, 
including  hepatocellular  carcinoma,  intra-hepatic  bile  duct  adenocarcinoma, 
renal  carcinoma  and  adenomas,  and  adenomatous  polyps  of  the  colon.  Although 
liver  tumors  were  not  observed  in  the  other  monkeys,  all  but  one  had  hepatic 
lesions  such  as  toxic  hepatitis  and  cirrhosis.  They  had  received  an  average 
of  27.38  gm  of  cycasin  and/or  MAM-acetate  (range  0.13-56.08  gm)  for  an 
average  of  57  mo  (range  2-133  mo).  A  group  of  10  monkeys  received  MAM- 
acetate  by  weekly  ip  injections  (3-10  mg/kg).  Six  of  these  animals  developed 
tumors  after  receiving  an  average  of  6.14  gm  (range  3.58-9.66  gm)  of  MAM- 
acetate  for  an  average  of  75  mo  (range  50-89  mo).  Four  of  the  monkeys 
developed  hepatocellular  carcinomas  and  2  had  multiple  primary  tumors 
including  hepatocellular  carcinomas,  renal  carcinomas,  squamous  cell  carcino- 
mas of  the  esophagus  and  adenocarcinomas  of  the  small  intestine.  Our 
results  show  that  MAM-acetate  is  a  carcinogen  in  monkeys,  and  add  to  the 
evidence  that  cycasin  and  its  aglycone  may  be  carcinogenic  in  man. 
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Carcinogenic  Activity  of  Methyl  nitrosourea 

Squamous  cell  carcinoma  of  the  mouth,  pharynx,  and  esophagus  developed  in  9 
of  43  monkeys  (21%)  receiving  oral  doses  (10-20  mg/kg)  of  1 -methyl -1 -nitro- 
sourea (MNU).  Moreover,  upper  digestive  tract  lesions  such  as  atrophy  or 
dyskeratosis  of  the  esophageal  mucosa  and  esophagitis  have  been  a  consistent 
finding  among  the  18  monkeys  necropsied  to  date.  All  monkeys  except  one 
that  have  received  total  doses  of  MNU  exceeding  50  grams  have  developed 
carcinomas,  whereas  no  malignant  tumors  have  developed  in  monkeys  receiving 
a  cumulative  dose  less  than  50  grams.  The  average  latent  period  for  tumor 
development  was  93  months  and  ranged  between  57-133  months.  The  order  of 
appearance  of  the  esophageal  lesions  in  our  monkeys,  as  well  as  the  clinical 
manifestation  of  the  tumors  resembled  those  seen  in  humans,  and  included 
difficulty  in  swallowing,  frequent  vomiting  and  subsequent  weight  loss,  and 
sialorrhea.  The  common  complications  of  esophageal  carcinoma  in  humans 
(e.g.,  regurgitation,  aspiration,  sepsis  and  hemorrhage)  were  also  noted  in 
our  monkeys.  In  addition,  histological  examination  revealed  a  morphology 
similar  to  that  seen  in  human  esophageal  carcinomas,  despite  the  highly 
variable  nature  of  such  tumors  in  both  human  and  monkeys.  Thus,  MNU- 
induced  esophageal  carcinoma  in  non-human  primates  may  prove  to  be  a  valuable 
model  for  the  study  of  the  human  tumor. 

Carcinogenic  Activity  of  Procarbazine 

Fifty  monkeys  have  survived  for  longer  than  6  months  after  receiving  treat- 
ment with  procarbazine  by  sc,  ip  and/or  oral  routes  at  doses  of  5-50  mg/kg. 
Forty-one  monkeys  have  been  necropsied  to  date,  of  which  13  (26%)  have  had 
malignant  neoplasms.  Seven  monkeys  were  diagnosed  with  acute  leukemia,  all 
but  one  of  the  myelogenous  type;  the  other  acute  leukemia  was  undiffer- 
entiated. In  addition  to  the  leukemias,  two  cases  of  hemangiosarcoma, 
three  cases  of  osteogenic  sarcoma,  and  one  case  of  lymphocytic  lymphoma, 
was  found.  The  neoplasms  were  diagnosed  after  procarbazine  treatment  for 
an  average  of  86  months  (ranging  from  16  to  148  months);  the  total  dose  of 
procarbazine  received  by  the  monkeys  developing  tumors  ranged  from  2.69- 
154.4  gm,  and  averaged  50.9  gm.  Other  adverse  effects  of  long-term  procar- 
bazine treatment  included  vomiting,  myelosuppression  and  testicular  atrophy 
with  complete  aplasia  of  the  germinal  epithelium. 

Carcinogenic  Activity  of  Urethane 

The  carcinogenicity  of  urethane,  with  or  without  whole  body  irradiation 
(WBI)  was  evaluated  in  rhesus  and  cynomolgus  monkeys.  Monkeys  received 
urethane  (250  mg/kg)  orally,  5  days  every   week  beginning  within  one  month 
of  birth.  They  received  continuous  urethane  treatment  for  5  years,  during 
which  time  some  monkeys  also  received  3-10  weekly  courses  of  WBI  at  50  rads 
per  course.  Urethane  administration  was  discontinued  10-13  years  ago  and 
since  that  time  all  animals  have  been  held  under  close  observation  for 
development  of  tumor  or  other  adverse  effects  of  treatment.  Thirty-one 
monkeys  survived  6  months  or  longer  after  the  first  dose  of  urethane,  and 
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18  of  these  animals  have  been  necropsied.  A  total  of  8  malignant  tumors 
were  found  in  4  (12.9X)  of  the  31  treated  monkeys;  in  comparison,  6  of  a 
total  of  215  (2.8%)  control  monkeys  have  developed  tumors  during  this 
period.  One  or  more  primary  liver  tumors  (4  cases  of  hemangiosarcomas,  1 
case  of  adenocarcinoma  of  intrahepatic  bile  ducts,  1  case  of  hepatocellular 
carcinoma)  were  present  in  all  4  monkeys,  and  in  addition  one  case  with 
ependymoblastoma  and  another  with  a  pulmonary  adenocarcinoma  was  found. 
The  animals  with  tumor  had  received  an  average  cumulative  urethane  dose  of 
240  gm  (range  230-246  gm);  the  latent  period  for  tumor  induction  averaged 
157  months  (range  142-181  months).  Two  of  the  4  monkeys  developing  tumors 
had  received  9  and  10  courses  of  WBI,  respectively.  These  results  indicate 
that  urethane,  with  or  without  WBI  is  carcinogenic  in  monkeys;  however,  the 
latent  period  for  tumor  induction  (>  12  years)  is  long,  requiring  approx- 
imately 50%  of  the  usual  lifespan  of  Old  World  monkeys  in  captivity. 

Carcinogenic  Activity  of  Adriamycin 

The  carcinogenic  effects  of  adriamycin  are  less  clear-cut  than  those  of  the 
proceeding  compounds. ^  A  group  of  10  monkeys  received  monthly  iv  doses  of 
adriamycin  at  12  mg/m  .  Eight  of  10  animals  developed  congestive  heart 
failure  before  the  end  of  the  anticipated  dosing  period,  and  at  cumulative 
adriamycin  doses  (averaging  310  mg/m  )  well  below  that  considered  to  be  the 
safe  upper  limit  (550  mg/m')  in  man.  The  animals  died  or  were  sacrificed 
in  moribund  condition.  One  of  the  10  monkeys  developed  acute  myeloblastic 
leukemia  after  receiving  a  cumulative  adriamycin  dose  of  324  mg/m  ,  and  the 
lOth  monkey  in  this  group  is  alive  and  without  evidence  of  illness.  Old 
World  monkeys  appear  to  be  more  sensitive  than  humans  to  the  cardiotoxic 
effects  of  adriamycin,  and  this  may  apply  to  its  carcinogenic  effects  as 
well.  Although  the  single  case  of  leukemia  noted  in  this  study  does  not 
establish  that  adriamycin  is  a  leukemogen,  it  does  suggest  that  this  may  be 
yet  another  adverse  effect  of  adriamycin  therapy.  This  study  is  being 
repeated,  using  lower  doses  of  adriamycin  in  an  additional  twenty  monkeys. 

Compounds  Not  Carcinogenic  in  Non-Human  Primates 

Since  the  inception  of  this  study  18  years  ago,  6  spontaneous  tumors  have 
been  diagnosed  in  215  non-treated  breeders  and  vehicle-treated  controls, 
yielding  a  tumor  incidence  of  2.8%.  Of  the  27  substances  entered  on  test 
during  this  period,  18  [3-methylcholanthrene,  dibenz(a,h)anthracene,  3,4,9, 
10-dibenzpyrene,  N-2-fluorenylacetamide,  N,N-2,7-fluorenylenebisacetamide, 
N,N-dimethyl-p-phenylazoanaline,  N,N'-dimethyl-p-(m-tolylazo)-analine, 
cyclamate,  saccarin,  dichlorodi phenyl trichloroethane;  N-methyl-N'-nitro-N- 
nitrosoguanidine,  low  density  polyethylene  plastic,  cigarette  smoke  conden- 
sate, arsenic,  sterigmatocystin,  Imuran,  L-phenylalanine  mustard  and  cyclo- 
phosphamide] have  not  as  yet  induced  tumors.  However,  several  of  these 
compounds  have  been  under  evaluation  for  less  than  1  year. 
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Cyclamate  has  been  under  test  for  the  past  9  years.  Two  groups  of  monkeys 
have  received  this  compound  orally,  5  days  every  week,  at  100  and  500 
mg/kg,  respectively.  Two  of  12  monkeys  at  the  low  dose,  and  2  of  11  monkeys 
at  the  high  dose  have  been  necropsied,  but  no  evidence  of  a  malignant 
neoplasm  was  found.  The  monkeys  receiving  the  lower  cyclamate  dose  have 
ingested  an  average  of  731  gm  of  compound;  those  receiving  the  500  mg/kg 
dose  have  been  given  an  average  of  4.7  kg  of  cyclamate.  The  100  mg/kg  dose 
in  monkeys  corresponds,  on  an  equivalent  surface  area  basis,  to  a  daily 
intake  of  2.3  gm/day/70  kg  man,  and  is  equivalent  to  drinking  about  6  diet 
drinks  per  day.  The  500  mg/kg  dose  in  monkeys  corresponds,  on  an  equivalent 
surface  area  basis,  to  a  daily  intake  of  11.6  gm/day/70  kg  man,  and  is 
equivalent  to  drinking  about  30  diet  drinks  per  day. 

Two  groups  of  10  monkeys  each  have  been  receiving  oral  doses  of  saccharin 
(25  mg/kg),  5  days  every  week.  This  dose  corresponds,  on  an  equivalent 
surface  area  basis,  to  a  daily  intake  of  5  cans  of  diet  soda  by  a  70  kg 
man.  The  first  group  of  monkeys  to  be  put  on  test  have  received  an  average 
cumulative  saccharin  dose  of  175  gm  over  an  average  of  89  months.  The 
second  group  of  10  monkeys  began  saccharin  treatment  10  months  ago,  and 
have  thus  far  ingested  a  cumulative  saccharin  dose  of  6.1  gm.  Since  the 
inception  of  the  study,  none  of  the  monkeys  have  died,  and  there  is  no 
evidence  of  toxicity  in  any  of  the  treated  animals. 

Studies  on  the  carcinogenicity  of  DDT  in  Old  World  monkeys  have  also  produced 
negative  results  to  date.  A  total  of  15  monkeys  have  been  treated  with 
DDT,  receiving  the  first  dose  of  10  mg/kg  at  birth.  The  dose  is  increased 
to  20  mg/kg,  given  orally  5  days  every  week,  when  the  monkeys  are  2  months 
old.  The  12  monkeys  that  are  still  alive  have  received  an  average  of  92  gm 
of  DDT  for  an  average  of  69  months.  No  evidence  of  tumor  was  found  in  the 
3  monkeys  that  died;  shortly  before  death  all  3  monkeys  had  severe  convul- 
sions and  the  cause  of  death  was  diagnosed  as  CNS  toxicity. 

DENA  Dose-Response  Studies  and  Attempts  at  Chemoprevention 

DENA  is  highly  predictable  as  a  hepatocarcinogen  in  Old  World  monkeys,  and 
accordingly  we  have  accumulated  a  relatively  large  amount  of  information  on 
its  carcinogenic  effects  in  these  animals.  We  are  therefore  currently 
using  this  chemical  as  a  model  carcinogen  to  investigate  two  questions  of 
importance  to  chemical  carcinogenesis. 

The  first  question  pertains  to  whether  there  is  a  specific  total  dose  of 
carcinogen  which,  within  the  lifespan  of  the  test  animal,  will  induce  a 
tumor.  In  order  to  evaluate  this  question,  groups  of  monkeys  are  being 
given  bimonthly  ip  injections  of  DENA  at  doses  of  1 ,  5,  10,  20  and  40 
mg/kg,  and  are  observed  for  the  appearance  of  tumor.  In  the  4  groups  of 
monkeys  (40,  20,  10  and  5  mg/kg  doses)  in  which  tumors  have  developed,  we 
have  found  that  the  latent  period  increases  as  the  mg/kg  dose  decreases. 
Thus  with  the  40  mg/kg  dose  the  latent  period  is  17  months,  whereas  at  5 
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mg/kg  it  is  55  months.  The  study  is  as  yet  incomplete  and  in  some  groups 
the  proportion  of  tumor-bearing  animals  is  small,  so  that  it  is  not  yet 
possible  to  report  a  precise  value  for  the  carcinogenic  dose  of  DENA. 
However,  it  appears  that  this  value  will  lie  between  1.2  and  2.2  gm. 

The  second  question  pertains  to  whether  chemically-induced  cancer  can  be 
prevented  or  reversed  by  other  chemicals,  either  administered  simultaneously 
with  the  carcinogen,  or  before  carcinogen  exposure.  It  is  now  recognized 
that  the  reactive  forms  of  most  chemical  carcinogens  are  strong  electrophiles 
and  are  capable  of  attacking  tissue  nucleophiles.  Thus,  one  of  the  possible 
approaches  to  the  prevention  or  reversal  of  chemical  carcinogenesis  is  to 
supply  an  excess  of  non-critical  nucleophiles,  thereby  "scavenging"  the 
reactive  electrophilic  species  of  carcinogens  once  formed.  We  are  using 
this  approach  in  2  groups  of  monkeys  receiving  bimonthly  ip  doses  of  DENA 
at  10  mg/kg  or  5  mg/kg.  In  both  groups,  the  DENA  dose  is  given  10  minutes 
after  an  ip  injection  of  a  "protective  cocktail".  For  the  monkeys  receiving 
DENA  at  10  mg/kg,  the  "protective  cocktail"  consists  of  1-cysteine  (20 
mg/kg),  cysteamine  (20  mg/kg)  and  reduced  glutathione  (150  mg/kg).  The 
"protective  cocktail"  given  the  monkeys  receiving  DENA  at  5  mg/kg  is  composed 
of  N-acetyl cysteine  (50  mg/kg).  These  substances  were  chosen  as  nucleophil- 
ic  chemoprotectants  for  two  reasons.  First,  they  do  not  reduce  the  anti- 
tumor effects  of  various  clinically  useful  alkylating  agents  and  therefore 
could  be  used  to  protect  against  the  carcinogenicity  of  these  drugs  without 
interfering  with  their  therapeutic  effects.  Secondly,  both  N-acetyl cysteine 
and  cysteamine  have  been  shown  to  prevent  the  covalent  binding  of  acetamino- 
phen to  tissue,  and  for  this  reason  have  been  used  in  humans  to  reverse  the 
hepatotoxic  effects  of  acute  acetaminophen  poisoning.  By  analogy,  it  is 
hoped  that  these  sulfhydryl  reagents  will  prevent  the  covalent  binding  of 
the  activated  form  of  DENA  to  critical  macromolecules  of  liver  tissue,  an 
event  which  is  thought  to  be  a  prerequisite  for  hepatocarcinogenesis  by  a 
variety  of  chemicals  including  DENA.  Thus  far  it  is  too  early  to  draw 
definite  conclusions  from  this  study. 

Alpha-Fetoprotein  (AFP)  Studies 

Using  radioimmunoassay,  the  serum  AFP  levels  in  monkeys  with  biopsy-proven 
liver  tumor  showed  a  100,000-fold  variation,  which  is  analogous  to  the 
range  seen  in  the  serum  of  humans  with  hepatocellular  carcinoma.  Monkeys 
with  N-nitrosodiethylamine-induced  neoplasms  generally  had  significantly 
higher  serum  AFP  levels  than  those  with  tumors  induced  by  1-nitrosopiperi- 
dine,  cycasin  or  aflatoxin  B, .  Serial  determinations  in  monkeys  with  liver 
tumor  demonstrated  a  tendency  for  AFP  levels  in  each  animal  to  plateau 
after  reaching  a  level  characteristic  for  that  tumor. 

An  affinity  chromatography  procedure  was  developed  for  the  purification  of 
adequate  amounts  of  AFP  to  be  radio-iodine  labelled  and  used  for  tracer 
turnover  studies  in  monkeys. 
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The  half-life  of  native  serum  AFP  was  measured  under  three  different  condi- 
tions: serum  from  hepatoma-bearing  monkeys  injected  iv  into  normal  adult 
monkeys,  the  post-partum  decline  in  serum  AFP  levels  in  neonatal  monkeys, 
and  the  decline  in  AFP  levels  in  hepatoma-bearing  primates  following  surgical 
removal  of  the  tumor.  Despite  many  differences  among  these  situations,  the 
results  tended  to  corroborate  a  T  1/2  for  AFP  of  2.8-3.6  days. 

3 
Using  H-leucine  incorporation  and  a  specific  radioimmunoassay,  long-term 

cultured  cells  from  a  chemically-induced  monkey  hepatocarcinoma  were  proved 

to  synthesize,  and  release  in  the  culture  medium  measurable  amounts  of  AFP. 

No  significant  changes  of  AFP  production  were  seen  following  addition  of 

0.5  yM  thyroxine  or  0.14  mM  6a-methyl prednisolone,  while  AFP  production  was 

markedly  reduced  by  cAMP  and  PGE-, ,  during  both  the  log  phase  and  the  slow 

phase  of  cell  growth.  This  inhibitory  effect  on  AFP  production  was  clearly. 

dose-dependent,  both  for  cAMP  (acting  in  the  physiological  level  range), 

and  for  PGE-,  (acting  at  supraphysiologic  concentrations).  Assay  of  the  DNA 

content  of  the  culture  flasks  proved  the  ability  of  both  cAMP  and  PGE-,  to 

significantly  inhibit  cell  growth  as  well,  during  either  phase  of  cell 

growth.  The  two  inhibiting  compounds  were  shown  to  act  by  depressing  the 

AFP  production  per  number  of  cells. 

Experimental  Evaluation  of  a  New  Contrast  Medium  for  Computed  Tomographic 
Examination  of  the  Liver  and  Spleen 

A  lipoid  based  contrast  material  containing  53%  of  ethiodized  oil  in 
emulsion  form  was  developed  for  computed  tomography  (CT)  of  the  liver  and 
spleen  and  tested  in  monkeys  and  other  animals.  An  intravenous  dose  of  0.2 
ml /kg  selectively  opacified  the  liver  and  spleen,  resulting  in  an  average 
increase  of  23  EMI  units  (500  scale)  in  the  attenuation  of  the  liver  and  a 
higher  increase  in  the  attenuation  of  the  spleen.  When  injected  into 
rhesus  monkeys  with  carcinogen  induced  hepatocellular  carcinoma,  there  was 
a  significant  improvement  in  the  visualization  of  the  tumor,  and  small 
lesions,  undetectable  on  the  preliminary  CT  scan,  became  visible.  Toxicity 
studies  have  been  completed  in  animals  and  the  contrast  material  is  in 
clinical  trials  at  the  Clinical  Center. 

Publications: 

1.  Vermess,  M. ,  Chatterji,  D.  C,  Doppman,  J.  L. ,  Grimes,  G.,  and  Adamson, 
R.  H.:  Development  and  experimental  evaluation  of  a  contrast  medium 
for  computed  tomographic  examination  of  the  liver  and  spleen.  J. 
Comput.  Assist.  Tomoqr.  3(1):  25-31,  1979.  "" 

2.  Sullivan,  P.  W. ,  Mclntire,  K.  R. ,  Princler,  G.  L.,  .Mariani,  G.,  Adamson, 
R.  H.,  and  Waldman,  T.  A.:  Affinity  Chromatography  Purification  of 
Simian  Alpha-fetoprotein  for  Radio-iodine  Labelling  and  Tracer  Turnover 
Studies.  In  Frigerio,  A.,  and  Renoz,  L.  (Eds.):  Recent  Developments 

in  Chromatography  and  Electrophoresis.  Amsterdam,  Elsevier  Scientific 
Publishing  Company,  1979,  pp.  291-296. 
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3.  Adamson,  R.  H. ,  and  Sieber,  S.  M.:  The  Use  of  Nonhuman  Primates  for 
Chemical  Carcinogenesis  Studies.  In  Coulston,  F.  (Ed.):  Regulatory 
Aspects  of  Carcinogenesis  and  Food  Additives:  The  Delaney  Clause. 
New  York,  San  Francisco,  London,  Academic  Press,  Inc.,  1979,  pp.  275- 
296. 

4.  Mariani,  G. ,  Adamson,  R.  H.,  and  Waldman,  T.  A.:  Alpha-fetoprotein 
Synthesis  by  a  Continuous  Line  Monkey  Hepatocarcinoma.  In  Peters,  H. 
(Ed.):  Protides  of  Biological  Fluids  27th  Colloquium  1979.  New  York, 
Pergamon  Press,  1979,  pp.  143-146. 

5.  Sieber,  S.  M.  ,  Correa,  P.,  Young,  D.  M.,  Dalgard,  D.  W.,  and  Adamson, 
R.  H. :  Cardiotoxic  and  possible  leukemogenic  effects  of  adriamycin 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Studies  on  the  mechanism  of  action  of  m-AMSA  (NSC-141549)  were  extended  to 
include  a  comparison  of  the  effects  of  m-AMSA  with  those  of  the  microsomal 
metabolites  of  m-AMSA  with  regard  to  toxicity,  DNA-binding,  and  induction  of 
single-strand  DNA  breaks.  5-Fluorodeoxyuridine-5'-methylphosphonate,  an 
analog  of  FdUMP  designed  to  circumvent  FUdR  resistance,  was  synthesized  and 
biologic  evaluation  initiated.  Two  analogs  of  Actinomycin  D  were  synthesized 
and  evaluated  for  biologic  effects. 
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treated  with  a  similar  concentration  of  o-AMSA  show  very  few  small  DNA 
fragments . 

Although  o-AMSA  is  relatively  non- toxic,  the  oxidation  products  of  o-AMSA 
(o-AQDI  and  o-AQI)  are  similar  in  cytotoxic  activity  to  m-AQDI  and  m-AQI. 
We  are  presently  investigating  the  possibility  that  the  inactivity  of  o- 
AMSA  may  be  related  to  its  inability  to  be  activited  intracellularly.  All 
of  the  oxidized  species  (m-AQDI,  m-AQI,  o-AQDI,  o-AQI)  react  covalently 
with  various  nucleophiles.  Because  of  this  reactivity,  the  possibility  of 
a  covalent  interaction  with  DNA  is  under  investigation.  The  binding  of  m- 
AMSA,  m-AQDI,  m-AQI,  o-AQDI  and  o-AQI  to  calf  thymus  DNA  was  studied  by 
reacting  DNA  with  drug  and  then  dialyzing  exhaustively  for  several  days 
against  distilled  water.  A  fluorescence  assay  was  used  to  analyze  for  the 
presence  of  an  acridine  ring  still  associated  with  the  DNA.  While  m-AMSA 
treated  DNA  had  fluorescence  only  slightly  greater  than  background,  DNA 
treated  with  the  AQI  and  AQDI  derivatives  had  a  10-20  fold  higher  fluore- 
scence. Additional  studies  were  performed  looking  for  evidence  of  direct 
chemical  reactions  between  specific  nucleosides  and  the  AMSA  intermediates. 
Neither  the  ADQI  nor  AQI  derivatives  reacted  with  any  of  the  DNA  nucleosides 
or  nucleoside  monophosphates  as  determined  by  TLC.  Current  work  is  centered 
on  the  detection  of  radiolabel  covalently  bound  to  the  DNA  of  L1210  cells 
following  exposure  of  the  cells  to   C-m-AMSA. 

Synthesis  and  Biologic  Evaluation  of  5-Fluorodeoxyuridine-5' -Methyl phos- 
phonate  (5-FdUMeP) 

In  a  previous  study  in  our  laboratory,  the  5'-methylphosphonate  derivative 
of  ara-C  was  synthesized  as  an  analog  of  ara-CMP  to  circumvent  resistance 
that  develops  to  ara-C  as  a  result  of  deletion  of  CdR  kinase.  We  found 
that  although  ara-C-5'-methylphosphonate  was  a  competitive  inhibitor  of 
dCMP  kinase,  it  was  not  phosphorylated  by  this  enzyme.  For  ara-C-methyl- 
phosphonate  to  function  as  a  cytotoxic  analog  of  ara-CMP,  successive 
phosphorylation  to  the  nucleoside  triphosphate  would  be  necessary.  Our 
finding  that  nucleoside-methylphosphonate  derivatives  are  not  phosphorylated 
suggested  the  synthesis  of  5-fluorodeoxyuridine-5' -methylphosphonate 
(FdUMeP),  since  FUdR  is  active  as  the  monophosphate.  FdUMeP  might  possess 
several  advantages:  a)  it  would  be  the  active  form  of  the  compound  and 
thus  might  be  active  against  cells  resistant  to  FUdR  as  a  result  of  TdR 
kinase  deletion;  b)  it  would  be  resistant  to  phosphatase  attack;  c)  it 
would  not  be  successively  phosphorylated,  thereby  eliminating  side-reactions. 
FdUMeP  was  synthesized  and  was  found  to  be  toxic  to  L1210  cells  in  vitro. 
Studies  are  underway  to  compare  FdUMeP  and  FdUMP  for  inhibition  of  thymidy- 
late  synthetase.  Also,  cell  lines  deficient  in  TdR  kinase  are  being 
developed/obtained  and  FdUMeP  will  be  compared  with  FUdR  for  cytotoxicity 
in  vitro  and  for  antitumor  effectiveness  in  vivo. 
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2 
Synthesis  and  Biologic  Evaluation  of  N  -Substituted  Spin  Labeled  Analogs 

of  Actinomycin  D 

N^-[4-(2,2,6,6-Tetramethyl-1-piperidinyloxy)]  actinomycin  D  (AMD-2)  and  the 
related  1 ,3-dianiinopropane  derivative  (AMD-3)  were  synthesized  and  compared 
with  actinomycin  D  with  regard  to  cytotoxicity,  antitumor  activity,  inhibit- 
ion of  RNA  polymerase  activity  and  binding  to  nucleic  acids  and  erythrocyte 
ghost  membranes.  Binding  studies  with  the  spin  labeled  analogs  were  carried 
out  by  using  circular  dichroism,  electron  spin  resonance  and,  in  the  case 
of  DNA,  thermal  denaturation.  AMD-2  and  AMD-3  were  less  potent  than  actino- 
mycin D  in  inhibiting  DNA-dependent  RNA  polymerase  activity,  but  showed 
similar  base  specificity,  i.e.,  all  compounds  showed  inhibition  when  tem- 
plates contained  GC  base  pairs,  but  no  inhibition  when  templates  contained 
only  AT  base  pairs.  The  ESR  spectrum  of  AMD-3  with  various  nucleic  acids 
indicated  a  reduced  interaction  of  this  analog  with  poly  dG  •  poly  dC 
compared  to  calf  thymus  DNA;  there  was  no  detectable  interaction  of  this 
analog  with  poly  dA  •  poly  dT.  AMD-2  showed  no  detectable  interaction  with 
either  DNA,  poly  dG  •  dC  or  poly  dA  •  poly  dT.  Binding  studies  with  ery- 
throcyte ghost  membranes  clearly  demonstrated  that  AMD-2  and  AMD-3  bind  to 
these  membranes  and  AMD-2  interacts  more  strongly  than  AMD-3.  Furthermore, 
the  binding  sites  for  these  compounds  are  located  deep  in  the  lipoprotein 
matrix  in  polar  environments  which  are  not  accessible  to  ferricyanide  ions. 
These  observations  indicate  that  the  antitumor  properties  of  actinomycin  D 
and  its  derivatives  may  be  related  to  their  binding  with  cell  membranes. 

Publications: 

1.  Sinha,  B.  K. ,  Cox,  M.  G.,  Chignell,  C.  F. ,  and  Cysyk,  R.  L.:  Synthesis 
and  biological  properties  of  N  -substituted  spin  labeled  analogs  of 
Actinomycin  D.  J.  Med.  Chem.  22:  1051-1055,  1979. 

2.  Karle,  J.  M. ,  Cysyk,  R.  L. ,  and  Karle,  I.  L.:  Structural  comparison 
of  m-AMSA,  a  new  clinically  active  antitumor  agent,  with  less  active 
related  compounds.  Acta  Crystallogr.  1980  (in  press). 
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Project  Description: 

Objectives: 

A  knowledge  of  the  mechanism  of  action  of  anticancer  agents  and  why  cells 
become  resistant  to  them  will  aid  in  the  design  of  new  chemotherapeutic 
drugs  and  will  aid  in  the  treatment  of  neoplastic  diseases.  Specifically: 

To  determine  the  mechanism  of  action  of  various  anticancer  agents. 

To  determine  the  mechanism  of  resistance  to  various  anticancer  agents. 

To  rationally  design  new  anticancer  agents. 

Methods  Employed: 

Usual  biologic,  pharmacologic,  and  biochemical  techniques.  Among  these  are 
tumor  transplantation,  harvesting  of  cells,  tissue  culture  techniques, 
separation  and  analyses  of  whole  cell  DNA,  RNA,  and  protein  synthesis. 
Various  enzymes  are  isolated  and  purified,  and  the  effect  of  various 
antitumor  agents  as  inhibitors  of  these  enzymes  are  studied  in  addition  to 
effects  on  DNA,  RNA  and  various  proteins.  Molecular  models  are  also  used 
in  drug  design. 

Major  Findings: 

Studies  on  the  Mechanism  of  Action  of  m-AMSA  (NSC-141549) 

Studies  on  the  microsomal  metabolism  of  m-AMSA  in  vitro  demonstrated  that 
m-AMSA  was  metabolized  and  two  products  were  identified:  N, '-methanesul- 
fonyl-N.'-CQ-acridinyl  )-3'-methoxy-2' ,5'-cyclohexadiene-l ' ,4'-diimine  (m- 
AQDI)  and  3'-methoxy-4'-(9-acridinylamino)-2' ,5'-cyclohexadien-l ' -one  (m- 
AQI).  Furthermore,  the  spontaneous  reaction  of  m-AQDI  with  glutathione 
yields  m-AMSA-5' -glutathione,  the  principal  biliary  metabolite  of  m-AMSA. 
m-AQDI  and  m-AQI  were  synthesized  and  we  are  actively  studying  whether 
these  microsomal  intermediates  play  a  role  in  m-AMSA  cytotoxicity.  Both  m- 
AQDI  and  m-AQI  are  considerably  more  toxic  than  m-AMSA  against  LI 210  cells 
in  vitro  but  possess  similar  antitumor  activities  against  L1210  in  vivo. 

Exposure  of  intact  cells  to  m-AMSA  results  in  single-strand  DNA  breaks  as 
detected  on  alkaline  sucrose  gradients.  Both  m-AQDI  and  m-AQI  also  produce 
single-strand  breaks  in  intact  cells;  however,  neither  m-AMSA,  m-AQDI  or  m- 
AQI  produce  breaks  in  vitro  with  purified  double-stranded  viral  DNA  (SV-40 
and  adenovirus  2).  Another  interesting  result  of  the  work  with  the  alkaline 
sucrose  gradient  has  been  the  finding  of  a  difference  in  the  ability  of  o- 
AMSA  (an  inactive  analog  of  m-AMSA)  and  m-AMSA  to  induce  single-strand 
breaks  in  LI 210  cell  DNA.  Cells  treated  with  m-AMSA  at  doses  of  10  yg/ml 
have  80-90%  of  their  DNA  broken  into  SOS  or  smaller  fragments  while  cells 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

The  role  of  the  lymphatic  system  in  the  absorption  and  distribution  of  anti- 
tumor agents  and  other  substances  (serum  albumin,  tumor  cells,  latex  micro- 
spheres and  1 iposomes)  administered  to  rats  by  ip,  iv  or  sc  routes  is  under 
investigation.  The  importance  to  lymphatic  absorption  of  the  molecular 
weight  and  lipid  solubility  of  the  agents  and  the  vehicle  or  formation  in 
which  they  are  given  is  also  being  evaluated.  Studies  on  liposomal  encapsula- 
tion of  adriamycin,  ara-C  and  melphalan  are  in  progress.  The  lymphatic 
absorption,  physiologic  disposition,  toxicity  and  antitumor  activity  of  lipo- 
some-encapsulated  adriamycin  administered  by  ip  and  iv  injection  to  rats  is 
being  evaluated  and  compared  with  that  of  free  adriamycin.  Efforts  are  under- 
way to  develop  a  reproducible  model  system  in  rodents  for  tumor  metastasis  via 
lymphatic  channels,  so  that  the  therapeutic  advantage  of  treating  such  tumors 
with  antitumor  agents  selectively  taken  up  by  lymphatics  can  be  tested. 
Studies  on  the  mechanism  of  absorption  from  the  peritoneal  cavity,  with 
emphasis  on  the  significance  of  the  lymphatic  system,  are  in  progress. 
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Project  Description: 

Objectives: 

This  project  was  initiated  in  order  to  provide  information  on  the  role  of 
the  lymphatic  system  in  the  absorption  and  distribution  of  a  wide  variety 
of  clinically  useful  antitumor  agents  following  administration  of  these 
drugs  by  subcutaneous,  intravenous  or  intraperitoneal  routes.  The  goal  of 
such  studies  is  to  develop  methods  for  producing  a  preferential  and  selective 
uptake  of  antitumor  agents  by  lymphatic  vessels  and  lymph  nodes.  These 
studies  are  designed  to  determine  whether  the  lymphatic  uptake  of  a  compound 
can  be  influenced  by  the  route  of  its  administration  and  by  the  vehicle  or 
formulation  in  which  it  is  given.  The  relationship  of  the  molecular  size 
of  the  substance  to  the  extent  of  its  lymphatic  absorption  from  the  perito- 
neal cavity  is  being  evaluated  with  particular  emphasis  on  the  absorption 
of  liposomes  of  defined  diameters  and  chemical  composition.  Studies  on 
1 iposome-encapsulated  antitumor  agents  are  also  being  performed.  The 
relative  rate  and  extent  to  which  the  liposomes  are  removed  from  the  perito- 
neal cavity  by  lymphatic  versus  blood  routes  is  being  examined  for  1 iposome- 
encapsulated  antitumor  agents  and  for  the  respective  un-encapsulated  drugs. 
In  addition,  the  tissue  disposition,  toxicity  and  antitumor  activity  of 
1 iposome-encapsulated  antitumor  agents  is  being  assessed  and  compared  with 
that  of  the  free  drug.  Studies  are  also  in  progress  on  the  mechanism  of 
fluid  and  solute  transport  from  the  peritoneal  cavity.  The  objective  of 
these  studies  is  to  quantitatively  describe  the  transport  of  uncharged 
water  soluble  substances  from  the  peritoneal  cavity  to  the  plasma  space  and 
in  the  reverse  direction,  taking  into  account  both  transcapillary  and 
lymphatic  transport. 

Efforts  are  underway  to  develop  reproducible  model  systems  in  rodents  for 
tumor  metastasis  via  lymphatic  channels  to  regional  lymph  nodes,  thus 
making  it  possible  to  evaluate  the  therapeutic  advantage  of  treating  such 
tumors  with  antitumor  agents  selectively  taken  up  by  lymphatics.  Thus  far, 
the  most  promising  system  in  mice  appears  to  be  a  transplantable  ovarian 
carcinoma  (M5076)  which  metastasizes  from  the  peritoneal  cavity  via  diaphrag- 
matic lymphatic  channels.  Two  transplantable  rat  tumors,  the  Walker  256 
carcinoma  and  the  13762  mammary  adenocarcinoma,  are  being  evaluated  for 
their  suitability  as  models  for  lymphatic  metastasis. 

Major  Findings: 

Studies  now  completed  have  shown  that  most  of  the  antitumor  agents  tested 
(CCNU,  methyl-CCNU,  guanazole,  dibromomannitol ,  diethylstilbestrol ,  predni- 
solone, dexamethasone,  6-mercaptopurine,  cytosine  arabinoside,  cyclophos- 
phamide, vincristine,  actinomycin  D,  adriamycin,  daunomycin,  and  maytansine) 
do  not  enter  lymphatic  channels  readily  when  given  by  oral  or  iv  routes. 
Studies  on  the  ip  route  of  administration,  however,  indicate  that  lymphatics 
are  an  important  pathway  for  the  absorption  of  some  substances  from  the 
peritoneal  cavity.  These  substances  include  tumor  cells  (L1210  leukemia), 
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high  molecular  weight  compounds  (serum  albumin)  and  particles  with  diameters 
such  that  they  are  either  unable  to  penetrate  the  endothelia  of  blood 
capillaries  (polystyrene  microspheres)  or  do  so  only  with  difficulty 
(1 iposomes). 

Rats  were  inoculated  ip  with  3x10  leukemia  L1210  cells  harvested  from 
CDF,  mice  7  days  after  transplant.  Thoracic  duct  lymph  was  collected  at 
intervals  until  sacrifice  at  24  hours  after  inoculation.  The  number  of 
tumor  cells  remaining  in  the  peritoneal  cavity,  as  well  as  in  thoracic  duct 
lymph,  diaphragm  and  various  lymph  nodes  was  determined  by  bioassay  in  CDF^ 
mice.  A  significant  number  of  L1210  cells  (up  to  20%  of  the  original 
inoculum)  was  recovered  in  thoracic  duct  lymph  during  the  24  hours  after 
dosing,  although  a  wide  variation  was  noted  among  rats  in  the  rate  at  which 
the  cells  appeared  in  lymph.  Tumor  cells  began  appearing  in  lymph  2  hours 
after  inoculation,  and  peak  tumor  cell  concentrations  in  lymph  were  usually 
attained  at  7-8  hours  after  dosing.  Tumor  cells  were  also  present  in  homo- 
genates  prepared  from  the  diaphragms  of  the  rats  (0.24%  of  the  original 
inoculum),  and  in  mediastinal  (0.52%  of  the  original  inoculum),  but  not 
lumbar,  lymph  nodes.  This  study  represents  a  first  attempt  to  quantify  the 
extent  to  which  tumor  cells  growing  in  the  peritoneal  cavity  of  rats  are 
disseminated  through  lymphatic  channels. 

1 31 

I-albumin  was  administered  ip  to  thoracic  duct  cannulated  rats,  and  the 

lymph  and  plasma  levels  of  radioactivity  determined  at  intervals  after 
dosing  up  to  24  hours.  Radioactivity  in  lymph  was  40-fold  higher  than  in 
corresponding  plasma  samples  at  2  hr  after  dosing,  and  21%  of  the  adminis- 
tered radioactive  dose  was  recovered  in  24-hour  lymph.  Polystyrene  micro- 
spheres administered  ip  are  also  preferentially  absorbed  by  lymphatics. 
Although  only  a  small  percentage  (0.1-0.3%)  of  the  administered  dose  of 
3.0,  9.69  or  18.08  u  diameter  polystyrene  microspheres  was  recovered  in 
lymph,  virtually  none  were  present  in  plasma  at  any  time  after  dosing.  The 
results  of  these  studies  indicate  that  although  particles  in  this  diameter 
range  are  not  readily  absorbed  from  the  peritoneal  cavity,  those  that  are 
absorbed  enter  lymphatic  channels  exclusively. 

Liposomes  administered  by  the  ip  route  are  relatively  extensively  absorbed 
by  lymphatics.  Liposomes  were  prepared  using  H-dipalmitoyl -phosphatidyl 
choline  iDPPC)  or   C-cholesterol  as  lipid  markers;  in  some  studies  various 

C-  or  H-labeled  substances  were  included  to  serve^as  markers  for  the 
aqueous  space.  Following  ip  treatment  with  "empty"  H-DPPC:cholesterol : 
stearylamine  (3:3:1  molar  ratio)  liposomes,  29.7%  of  the  administered 
tritium  was  recovered  in  24-hour  thoracic  duct  lymph.  Lymph  radioactivity 
was  10-40  times  higher  than  corresponding  plasma  samples  at  intervals  up  to 
3  hours  after  dosing. 

Since  preliminary  studies  indicated  that  liposomes  administered  to  rats  by 
ip  injection  were  relatively  extensively  absorbed  by  lymphatics,  it  seemed 
possible  that  the  concentration  of  various  antitumor  agents  in  lymphatic 
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channels  might  be  enhanced  by  entrapping  the  agents  in  liposomes.  Initial 
encapsulation  efforts  were  carried  out  with  hexamethylmelamine  (HMM),  a 
drug  with  high  clinical  activity  against  types  of  tumors  which  metastasize 
by  lymphatic  channels  (e.g.,  ovarian  carcinoma).  However,  the  rate  of 
entrapment  of  this  drug  into  liposomes  was  less  than  0.1%  of  the  initial 
HMM  added,  and  this  low  yield  of  liposomal  HMM  was  not  improved  by  modifi- 
cations of  the  preparative  technique,  the  lipid  composition,  or  the  molar 
proportions  of  the  lipids  used.  The  entrapment  efficiency  of  the  more 
water-soluble  compound,  pentamethylmel amine,  was  also  unsatisfactory. 

Studies  on  the  encapsulation  of  adriamycin  into  liposomes  have  been  more 
successful.   H-DPPC:cholesterol :stearylamine  (3:3:1  molar  ratio)  liposomes 
were  prepared  containing   C-adriamycin.  These  liposomes  were  prepared  by 
the  reverse  phase  evaporation  technique  which  captures  40-60%  of  the  initial 
adriamycin  added  to  the  lipid  mixture.  Liposomes  containing  both  glucose 
and  adriamycin  were  subjected  to  prolonged  sonic  disruption  and  the  efflux 
of  both  compounds  from  the  vesicles  measured  radiometrically.  Although 
glucose  was  rapidly  released,  adriamycin  remained  associated  with  the 
liposomes  suggesting  that  most  of  the  adriamycin  in  liposomes  is  bound  or 
intercalated  into  the  liposome  membrane. 

14 
The  lymphatic  absorption  and. tissue  distribution  of  free   C-adriamycin, 

Vempty"  H-liposomes,  free   C:^adriamycin  plus  "empty"  H-liposomes,  and 

C-adriamycin  entrapped  into  H-liposomes  was  examined  at  intervals  after 
intraperitoneal  injection  into  rats.  Following  treatment  with  "empty"  H- 
liposomes,  almost  30%  of  the  liposomal  lipid  marker  was  recovered  in  24- 
hour  thoracic  duct  lymph,  but  when   C-adriamycin  was  added  to,  or  encapsu- 
lated, in  liposomes,  this  value  was  reduced  to  10%.  Conversely,  only  1%  of 
free   C-adriamycin  was  recovered  in  24  hour  lymph,  but  liposomal  encapsu- 
lation produced  a  6-fold  increase  in  this  value.  Studies  on  the  tissue 
distribution  of  the  liposomal  lipid  marker  after  dosing  with  "empty"  lipo- 
somes revealed  uptake  by  diaphragm,  liver  and  spleen,  but  the  highest 
tissue  concentrations  were  noted  in  lymph  nodes.  Liposomal  encapsulation 
of  adriamycin  altered  its  tissue  disposition,  chiefly  by  increasing  the 
concentration  of  drug  equivalents  in  diaphragm,  liver  and  spleen.  Although 
free  adriamycin  was  accumulated  by  lymph  nodes  to  some  extent,  this  lymph 
node  accumulation  was  markedly  enhanced  by  liposomal  encapsulation.  At  4 
hours  after  dosing  with  free  adriamycin,  the  lymph  node  concentration  of 
drug  equivalents  was  50  times  higher  than  plasma;  following  liposomal 
encapsulation,  the  gradient  between  lymph  nodes  and  plasma  was  increased  to 
2500.  The  lymph  node  accumulation  of  liposomal  lipid  and  of  adriamycin 
equivalents  noted  after  ip  dosing  was  present  only  in  those  nodes  through 
which  lymph  draining  the  peritoneal  cavity  passes.  This  finding,  together 
with  the  observation  that  diaphragm  and  thoracic  duct  lymph  contain  rela- 
tively high  levels  of  liposomal  lipid  and  adriamycin  equivalents,  indicates 
that  liposomes  are  selectively  absorbed  from  the  peritoneal  cavity  by 
lymphatics  and  are  retained  by  certain  lymph  nodes. 


568 


ZOl  CM  06134-05  LCHP 

The  tissue  distribution  and  lymph  node  uptake  of  1 iposome-encapsulated   C- 
adriamycin  administered  to  rats  by  the  iv  route  was  compared  with  results 
obtained  after  ip  dosing.  Regardless  of  the  route  of  administration,  the 
uptake  of  adriamycin  by  liver  and  spleen  was  increased  2-10  fold  by  lipo- 
somal encapsulation  at  4  and  24  hours  post  treatment;  in  contrast,  liposomal 
encapsulation  decreased  adriamycin  uptake  by  heart,  lung,  skeletal  muscle, 
kidney  and  gut  2-6  fold  after  either  ip  or  iv  dosing.  Drug  levels  in  these 
tissues  were  up  to  3  times  higher  after  iv  than  after  ip  dosing  at  4  hours 
after  treatment,  although  at  24  hours  tissue  levels  were  '^-2  times  higher  in 
ip  treated  rats  than  in  rats  dosed  by  the  iv  route.  Twenty-four  hour 
biliary  excretion  of  radioactivity  was  2-3  fold  lower  in  rats  treated  ip 
and  iv  with  1 iposome-encapsulated  adriamycin  than  with  free  adriamycin. 
This  may  in  part  explain  the  increased  persistence  of  radiolabel  in  plasma 
and  certain  other  tissues  noted  in  rats  treated  by  both  routes  with  encap- 
sulated, versus  free,  adriamycin.  The  most  striking  difference  between  ip 
and  iv  routes  with  regard  to  tissue  distribution  was  found  in  diaphragm  and 
lymph  nodes.  Following  an  ip  dose  of  free  adriamycin,  drug  levels  in 
diaphragm  and  mediastinal  lymph  nodes  were  higher  by  factors  of  10  and  75, 
respectively,  than  in  corresponding  plasma  at  4  and  24  hours  after  dosing, 
and  this  accumulation  was  increased  4- fold  by  liposomal  encapsulation.  In 
contrast,  free  adriamycin  administered  by  the  iv  route  did  not  accumulate 
in  either  diaphragm  or  lymph  nodes,  and  liposomal  encapsulation  reduced  the 
uptake  of  adriamycin  in  these  tissues  by  25-50%  at  4  and  24  hours  after 
dosing.  These  results  raise  the  possibility  of  attaining  increased  drug 
concentrations  in  diaphragmatic  lymph  channels  and  in  lymph  nodes  by 
utilizing  the  ip  route  for  drug  administration;  moreover,  they  indicate 
that  liposomal  encapsulation  further  increases  drug  uptake  into  lymphatic 
channels  and  lymph  nodes  following  ip,  but  not  iv,  dosing. 

14 
Studies  on  liposomal  encapsulation  of   C-ara-C  are  in  progress.  Unlike 

adriamycin,  free  ara-C  does  not  appear  to  concentrate  in  reticuloendothelial 
tissue  such  as  liver,  spleen  and  lymph  nodes.  Following  an  ip  dose  of  free 

C-ara-C,  the  concentration  of  radioactivity  in  tissues  sampled  was 
comparable  to,  or  loweir.than,  that  in  plasma.  Following  ip  treatment  with 
1 iposome-encapsulated   C-ara-C,  however,  the  radioactive  content  of  spleen 
and  lymph  nodes  was  16-  and  60- fold  higher,  respectively,  than  that  of 
corresponding  plasma,  and  the  concentration  gradient  between  lymph  nodes 
and  plasma  was  maintained  foe  at  least  24  hours  after  dosing.  Similarly, 
liposomal  encapsulation  of   C-ara-C  increased  the  recovery  of   C-ara-C  in 
thoracic  duct  lymph  from  1%  of  the  administered  dose  (for  free  ara-C)  to 
greater  than  15%.  Lymphatic  channels  are  frequently  the  route  by  which 
tumors  metastasize,  with  micrometastases  lodging  in  regional  and  even 
distant  lymph  nodes.  It  would  therefore  be  of  potential  therapeutic  advan- 
tage in  the  treatment  of  early  metastases  to  selectively  concentrate  anti- 
tumor agents  in  lymph  channels  and  lymph  nodes.  The  results  of  the  studies 
described  above  suggest  that  ip  administration  of  1 iposome-encapsulated 
drugs  may  provide  a  means  of  selectively  concentrating  antitumor  agents  in 
the  lymphatic  system.  The  therapeutic  effect  of  1 iposome-encapsulated 
adriamycin  is  being  compared  with  that  of  free  drug  in  the  murine  M5076 
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ovarian  carcinoma  system.  In  ascites  form,  this  tumor  grows  in  the  perit- 
oneal cavity,  seeding  the  visceral  and  parietal  peritoneum,  invading  the 
diaphragmatic  lymphatics  and  ultimately  forming  a  solid  tumor  mass  on  the 
peritoneal  surface  of  the  diaphragm.  In  a  preliminary  experiment,  free  or 
1 iposome-encapsulated  adriamycin  was  administered  ip  to  mice  on  days  1,  5, 
9  and  14  after  tumor  inoculation  and  the  effects  of  drug  treatment  on 
median  survival  time  determined.  Administration  of  adriamycin  entrapped  in 
liposomes  produced  a  60%  increase  in  life  span;  in  contrast,  free  adriamycin 
increased  the  life  span  of  tumor-bearing  mice  by  44%.  Chemotherapy  experi- 
ments with  liposome-entrapped  adriamycin  are  being  continued  and  expanded. 

Experiments  on  the  uptake  by  lymph  nodes  of  liposomes  administered  subcu- 
taneously  are  in  progress.  Preliminary  results  indicate  that  liposomes  are 
taken  up  from  the  injection  site  slowly,  but  concentrate,  relative  to 
plasma  and  other  tissues,  in  lymoh  nodes  draining  the  site  of  injection. 
Thus,  following  an  injection  of  H-DPPC-liposomes  into  the  footpad  of  rats, 
highest  tritium  concentrations  were  found  in  popliteal  and  lumbar  nodes 
whereas  the  H  content  of  more  distal  nodes^Ce.g.,  renal  and  thoracic) 
resembled  that  of  plasma.  Similarly,  when  H-DPPC-liposomes  were  injected 
sc  in  the  thigh,  the  inguinal  and  lumbar  nodes  contained  significantly 
higher  concentrations  of  radioactivity  than  did  thoracic  and  axillary 
nodes.  The  time-course  for  lymph  node  uptake  of  liposomes  from  subcutaneous 
sites,  as  well  as  the  optimal  liposome  size  for  this  process,  is  currently 
being  investigated. 

In  order  to  assess  the  therapeutic  effects  of  1 iposome-encapsulated  anti- 
tumor agents  against  lymphogenous  metastases,  it  has  been  necessary  to 
establish  a  model  for  lymph  node  metastasis  which  is  reproducible  and 
quantitative.  Two  rat  tumors.  Walker  256  carcinoma  and  13762  mammary 
adenocarcinoma,  have  been  developed  for  this  purpose.  Tumor  cell  suspensions 
are  inoculated  subcutaneously  in  the  hind  leg  of  rats,  and  at  various 
intervals  after  inoculation  the  tumor  bearing  leg  is  amputated.  For  both 
tumors,  metastasis  takes  place  by  lymphatics  to  regional  lymph  nodes  and  by 
hematogenous  spread  to  lungs.  The  time  interval  between  inoculation  and 
amputation  is  being  examined  in  relation  to  extent  of  lymph  node  involvement 
with  tumor,  as  determined  by  serial  measurement  of  lymph  node  weight  or 
volume,  and  in  relation  to  the  survival  time  of  the  animal.  The  therapeutic 
effectiveness  against  lymph  node  metastases  of  free  and  1 iposome-encapsula- 
ted antitumor  agents  is  being  compared;  the  agents  being  tested  against  the 
13762  mammary  adenocarcinoma  and  Walker  256  carcinoma  are  melphalan  and 
adriamycin,  respectively.  Optimal  conditions  for  therapy  of  lymph  node 
metastases  are  currently  being  evaluated,  as  is  the  size  and  composition  of 
drug-containing  liposomes  for  optimal  uptake  and  retention  by  lymph  nodes. 

125  51  51 

Using  I   -fibrinogen  and  Cr  -labeled  red  blood  cells  (Cr  -RBC)  the 

effect  of  intraperitoneal  pressure  on  the  rate  of  fluid  uptake  from  the 

peritoneal  cavity  has  been  evaluated.  The  observed  flow  rate  is  dependent 

on  pressure;  at  an  intraperitoneal  pressure  of  3-4  cm  H^O,  fluid  uptake 
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averaged  28.7  yl/min,  whereas  at  a  pressure  of  6-7  cm  H^O  it  increased  to 
74.8  yl/min.  The  calculated  extent  to  which  lymphatic  absorption  contri- 
butes to  total  fluid  uptake  from  the  peritoneal  cavity  appears  to  be  rela- 
tively small  (4.3  yl/  min)  and  independent  of  intraperitoneal  pressure. 
The  relative  importance  of  the  thoracic  duct  versus  other  lymph  channels  in 
transporting  substances  from  the  peritoneal  cavity  to  bloodpwas  determined 
in  thoracic  duct  cannulated  rats.  For  both  Cr  -RBC  and  I   -  fibrinogen, 
flow  through  the  thoracic  duct  accounted  for  approximately  30%  of  the  total 
calculated  uptake  by  lymphatics. 

Publications: 

1.   Adamson,  R.  H.,  Sieber,  S.  M. ,  and  Douros,  J.  D. :  Development  of 

Actinomycin  Analogs.  In  Fox,  B.  W,  (Ed):  Advances  in  Medical  Oncology, 
Research  and  Education,  Vol.  5,  Basis  for  Cancer  Therapy  1.  Oxford  and 
New  York,  Pergamon  Press,  1979,  pp.  93-99. 
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Project  Description: 

Objectives: 

The  objective  of  this  project  is  to  examine  the  feasibility  of  using  chemi- 
cally induced  cell  differentiation  as  a  therapeutic  approach  to  the  treat- 
ment of  neoplastic  diseases  either  alone  or  in  combination  with  established 
chemotherapeutic  agents.  This  approach  is  aimed  at  finding  chemicals  with 
the  capacity  to  "redifferentiate"  or  normalize  transformed  malignant  cells. 
Information  already  available  indicates  that  this  approach  is  feasible. 
For  example,  the  addition  of  DMSO  to  cultures  of  murine  virus-induced 
erythroleukemia  cells  results  in  erythroid  differentiation  characterized  by 
the  appearance  of  globin  mRNA,  synthesis  of  hemoglobin,  cessation  of  cell 
division,  appearance  of  erythrocyte  membrane  antigens,  and  the  morphological 
changes  characteristic  of  erythroid  differentiation  in  normal  mouse  hemo- 
poietic tissue. 

Methods  Employed: 

Methods  used  in  these  studies  include:  tissue  culture  techniques,  radio- 
immunoassays, differential  centrifugation,  radioisotope  measurements  using 
tritium,  carbon-14,  and  iodine-125;  phase  contrast  microscopy,  photomicro- 
scopy;  enzyme  assays  involving  radiometric,  spectrophotometric,  and  spectro- 
photofluorometric  determinations;  polyacryl amide  gel  and  isoelectric  focusing 
electrophoresis;  and  chemical  synthesis. 

Major  Findings: 

1.  Radioimmunoassay  was  usedrto  determine  a-fetoprotein  (AFP),  albumin  and 
transferrin  production  (ng/lO  cells/24  hr)  by  2  cell  lines  (McA-RH  7777 
and  8994)  derived  from  chemically  induced  rat  hepatomas.  AFP  production 
was  high  (2000-4400)  in  7777,  but  was  very  low  (0.2-0.4)  in  8994.  Albumin 
production  varied  from  0.4-0.8  (7777)  to  14-26  (8994).  Both  lines  produced 
substantial  amounts  of  transferrin  (180-240  by  7777  and  29-42  by  8994). 
Addition  of  dimethyl  sulfoxide  (DMSO,  1-4%)  or  sodium  butyrate  (BA,  0.5-2.0 
mM)  to  the  medium  inhibited  growth  in  both  lines,  but  8994  was  more  sensi- 
tive to  these  agents  than  7777.  DMSO  treatment  (2-4%)  resulted  in  a  dose- 
related  decrease  (<10%  of  control  at  4%  DMSO)  in  AFP,  albumin  and  transfer- 
rin production  by  7777,  but  in  8994  DMSO  (1-2%)  resulted  in  an  increase  (up 
to  6-fold)  in  albumin  and  transferrin  production,  without  affecting  AFP 
production.  By  contrast,  BA  (2-4  mM)  stimulated  the  production  of  all  3 
proteins  in  both  lines,  most  notably  that  of  albumin  (up  to  6-fold)  by 
7777,  and  that  of  AFP  (up  to  20-fold)  by  8994.   It  is  concluded  that  both 
DMSO  and  BA  can  enhance  the  expression  of  differentiated  functions  of  the 
hepatoma  cell  and  that  DMSO  at  the  same  time  can  suppress  the  expression  of 
an  oncofetal  function.  However,  neither  DMSO  nor  BA  is  selective  in  its 
effects  on  specific  genes  (i.e.  normal  adult  vs.  oncofetal  genes)  and  it 
appears  that  their  effects  may  be  the  result  of  a  more  general  phenomenon, 
the  expression  of  which  may  be  related  to  the  stage  of  differentiation  of 
the  cell . 
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2.  Radioimmunoassay  was  used  to  analyze  the  secretion  into  the  growth 
medium  of  alpha-fetoprotein  (AFP),  albumin  (ALB)  and  transferrin  (TR)  by 
two  rat  hepatoma  cell  lines  (McA-RH-7777  and  McA-RH  8994)  in  monolayer 
culture.  Both  lines  produced  TR,  while  7777  produced  AFP,  but  not  ALB  and 
8994  produced  ALB  and  very  low  amountSrOf  AFP.  TR  production  was  much 
higher  in  the  7777  line  (180-240  ng/10  cells/24  hr)  than  in  the  8994  line 
(29-42  ng/10  ceJls/24  hr).  AFP  production  by  the  7777  line  varied  from 
2.4  to  4.1  yg/10  cells/24  hr  with  a  maximum  on  day  4  after  subculture,   ^ 
while  ALB  production  by  the  8994  line  was  relatively  constant  (10-14  ng/10 
cells/24  hr)  for  5  days  after  subculture.  One  day  after  subculture  the 
cells  were  treated  with  2-8  mM  hexamethylene  bisacetamide  (HMBA)  for  4-5 
days.   In  both  lines  modest  growth  suppression  (20-40%)  occurred  at  2-4  mM 
HMBA,  but  this  was  more  severe  (>80%)  at  8  mM  HMBA.   In  7777,  HMBA  caused  a 
dose-dependent  decrease  in  AFP  (30-60%)  and  TR  (20-75%)  production  throuah- 
out  the  treatment  period.   In  contrast,  treatment  of  line  8994  with  HMBA 
increased  AFP  production  from  0.2-0.5  ng/10  cens/24  hr  to  greater  than  3 
ng/10  /24  hr,  increased  ALB  production  to  values  up  to  400%  of  control,  and 
also  increased  TR  production  200-300%  on  days  3  and  4  of  treatment.   It  is 
concluded  that  HMBA,  a  known  inducer  of  cell  differentiation  in  other  in 
vitro  systems,  affects  the  expression  of  both  oncofetal  gene  products  lAFP) 
and  adult-type  products  (ALB  and  TR)  in  opposite  ways  in  these  two  rat 
hepatoma  cell  lines,  possibly  indicating  that  the  production  of  these 
proteins  is  controlled  differently  in  the  two  lines. 

3.  Dimethyl  sulfoxide  (2%),  hexamethylene  bisacetamide  (4  mM)  and  butyric 
acid  (2  mM)  were  potent  inducers  of  erythrodifferentiation  in  Friend  erythro- 
leukemia  cell  lines,  5-18  and  C19TK.  Hydrocortisone  (1  mM)  markedly  inhibi- 
ted dimethyl  sulfoxide  induced  hemoglobin  production  in  both  5-18  and  C19TK 
cells.  d,l-Propranolol  (25-50  yM)  markedly  inhibited  both  dimethyl  sulfox- 
ide and  hexamethylene  bisacetamide  induced  erythrodifferentiation  in  5-18 
cells  but  not  in  C19TK  cells.  Addition  of  either  hydrocortisone  or  pro- 
pranolol as  late  as  48  hrs  after  dimethyl  sulfoxide  addition  still  resulted 
in  significant  inhibition  of  hemoglobin  synthesis  in  5-18  cells.  Although 
the  mechanism  of  action  of  propranolol  is  not  known,  modulation  of  the  B 
adrenergic  receptor  is  apparently  not  involved  since  practolol  failed  to 
inhibit  either  dimethyl  sulfoxide  or  hexamethylene  bisacetamide  induced 
erythrodifferentiation  in  5-18  cells,  nor  did  isoproterenol  induce  hemoglobin 
synthesis. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 

Our  studies  as  well  as  those  of  others  indicate  that  compounds  such  as  DMSO 
and  bisacetamides  can  induce  the  neoplastic  cell  to  "redifferentiate"  and 
perhaps  lose  its  malignant  characteristics.   Increasing  knowledge  of  the 
mechanism  by  which  these  agents  induce  differentiation  in  neoplastic  cells 
may  eventually  lead  to  their  use  in  cancer  chemotherapy. 
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Proposed  Course: 

Continue  the  course  outlined  under  Objectives. 

Publications: 

1.   Wirth,  P.  J.,  Reinhold,  C.  E.,  and  Thorgeirsson,  S.  S.:  Inhibition  of 
chemically  induced  erythrodifferentiation  in  Friend  erythroleukemia 
cells  by  d,l- propranolol.  Biochem.  Biophys.  Res.  Comm.  93:  701-709, 
1980. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

The  long  range  purpose  of  this  project  is  to  study  the  mechanism  of  chemically 
induced  hepatomas  and  ovarian  tumors.  We  are  particularly  interested  in 
the  role  of  environmental  contaminants  such  as  the  polycyclic  hydrocarbons, 
nitroso-compounds,  N-acetylaryl amines,  as  well  as  antitumor  agents  in 
initiating  these  tumors,  as  v/ell  as  the  role  of  genetic  predisposition  in 
development  of  these  tumors.  These  tumors,  at  various  time  points  during 
their  development,  will  then  be  used  as  models  for  evaluating  chemotherapeutic 
agents  and  other  drugs  which  might  be  of  therapeutic  value.  Topics  of 
present  interest  are:  (1)  the  role  of  metabolic  activation,  as  well  as  the 
genetic  control  of  activating  enzymes,  in  the  chemical  initiation  of  hepatoma 
and  ovarian  tumors;  (2)  the  time  course  of  hepatoma  and  ovarian  tumor 
formation  with  particular  emphasis  on  the  changing  enzyme  patterns  as  the  cells 
become  increasingly  dedifferentiated;  (3)  isolation  and  characterization  of 
premaliqnant  cell  populations  in  the  liver. 
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Project  Description: 

Objectives: 

The  main  objectives  of  this  project  are:  (1)  to  study  both  in  vivo  and  in 
vitro  the  relationship  between  the  activity  of  the  enzymes  which  metaboli- 
cally  activate  compounds  such  as  polycyclic  hydrocarbons,  N-arylamines  and 
nitroso-compounds,  and  carcinogenicity  of  these  compounds.  The  main  empha- 
sis will  be  focused  on  the  liver  and  the  ovary;  (2)  to  study  the  time  course 
of  hepatoma  formation  in  which  the  main  emphasis  will  be  on  Isolating  and 
characterization  of  preneoplastic  cells  with  respect  to  changing  enzyme 
patterns  and  malignant  potential. 

Methods  Employed: 

The  principal  methods  employed  are:  (1)  recording  spectrophotometry  of 
turbid  solutions,  (2)  enzyme  assays  involving  radiometric,  spectrophoto- 
metric,  and  spectrophotofluorometric  determinations  of  product  formation  or 
substrate  disappearance,  (3)  radioisotopic  measurements  using  tritium  and 
carbon-14,  (4)  differential  centrifugation,  (5)  polyacrylamide  gel  electro- 
phoresis, (6)  column  and  thin-layer  chromatography,  (7)  high  pressure  liquid 
chromatography,  and  (8)  bacterial  culture  technique. 

Major  Findings: 

1.  Four  highly  purified  forms  of  rabbit  hepatic,  microsomal  cytochrome  P- 
450  catalyze  the  N-  and  ring-hydroxylation  of  2-acetylaminofluorene  (AAF)  at 
different  rates.  Form  4,  the  major  form  of  the  cytochrome  induced  by 
2,3,7,8-tetrachlorod1benzo-p-dioxin  (TCDD)  in  adult  rabbit  liver,  catalyzed 
the  N-hydroxylation  of  AAF  more  rapidly  than  the  other  three  forms.  N- 
hydroxy-2-acetylaminofluorene  accounted  for  65%  of  the  metabolites  formed  by 
the  action  of  this  cytochrome.  Form  6,  the  major  form  of  the  cytochrome 
Induced  by  TCDD  in  neonatal  rabbit  liver,  metabolized  AAF  at  a  similar  rate. 
In  contrast,  phenols  accounted  for  more  than  90%  of  the  metabolites  produced. 
Form  3,  a  constitutive  form  of  the  cytochrome  in  adult  rabbit  liver,  produced 
a  distribution  of  products  similar  to  that  obtained  with  form  6  but  metabol- 
ized AAF  at  a  slower  rate.  The  major  phenobarbital -inducible  cytochrome  P- 
450,  form  2,  exhibited  yery   low  catalytic  activity  with  AAF  as  a  substrate. 
Since  N-  and  ring-hydroxylation  are  thought  to  represent  divergent  pathways 
of  carcinogen  metabolism  (activation  vs.  detoxification),  the  differential 
occurrence  of  the  various  cytochrome  forms  should  affect  the  balance  between 
these  two  reaction  pathways.  In  this  sense,  cytochrome  P-450  Induction  by 
TCDD  differentially  affects  the  magnitude  and  direction  of  in  vitro  micro- 
somal  metabolism  of  AAF  as  a  function  of  age. 

2.  The  rodent  ovary  contains  microsomal  cytochrome  P-450  dependent  mono- 
oxygenases  necessary  for  metabolic  activation  of  polycyclic  aromatic  hydro- 
carbons (PAH)  to  reactive  electrophil ic  Intermediates  capable  of  cytotoxi- 
city, mutagenicity,  and  carcinogenicity.   In  inbred  C57BL/6N  (B6)  and  DBA/2N 
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(D2)  mice,  which  differ  in  PAH  induction  of  ovarian  aryl  hydrocarbon  (benzo- 
[a]pyrene)  hydroxylase  (AHH,  EC  1.14.14.2)  activity,  the  rate  of  oocyte 
destruction  is  proportional  to  ovarian  AHH  activity.  Basal  levels  of 
ovarian  AHH  activity  are  similar  (3  pmol/mg/min)  in  both  D2  and  B6  mice. 
PAH  responsive  B6  mice  have  induction  of  ovarian  AHH  activity  (to  9  pmol/mg/ 
min)  after  treatment  with  3-methylcholanthrene  (MC),  benzo[a]pyrene  (BP), 
7,12-dimethylbenz[a]anthracene  (DMBA)  and  8-naphthoflavone  (BNF)  while  no 
increase  occurs  in  D2  ovarian  AHH  activity.  Oocyte  destruction  by  carcino- 
genic PAH  is  much  more  rapid  and  complete  in  responsive  B6  mice  than  nonres- 
ponsive  D2  mice.  After  treatment  with  MC  (80.mg/kg)  fifty  percent  of  the 
primordial  oocytes  are  destroyed  by  3  days  in  B6  mice  while  a  similar  level 
of  destruction  does  not  occur  until  after  6  days  in  D2  mice;  oocyte  des- 
truction is  complete  at  7  days  in  responsive  86  mice,  and  at  14  days  in 
nonresponsive  D2  mice.  Relative  oocyte  toxicity  of  PAH  in  both  D2  and  B6 
mice  is  DMBA>MC>BP,  for  both  time  and  dose  relationships.  The  compounds 
pyrene,  BNF,  a-naphthoflavone  (ANF),  benzene  and  toluene  do  not  destroy 
oocytes.  Cigarette  smoke  condensates  tested  have  oocyte  toxicity  propor- 
tional to  skin  tumorigenicity.  Oocyte  destruction  by  MC,  PB,  and  DMBA  is 
blocked  by  ANF.  Although  Sprague-Dawley  rats  also  have  PAH  inducible 
ovarian  AHH  activity  at  levels  similar  to  the  mouse,  they  are  strikingly 
resistant  to  PAH  ovotoxicity.  This  resistance  may  be  the  result  of  the 
occurrence  of  different  monooxygenases,  epoxide  hydrases  or  transferases  in 
the  ovary  resulting  in  lower  levels  of  reactive  metabolites  in  the  rat 
ovary  in  comparison  to  the  mouse.  High  pressure  liquid  chromatography 
demonstrates  at  least  4-fold  greater  oxygenation  in  the  7,  8,  9,  10  region 
of  BP  in  the  mouse  ovary  than  in  the  rat.  Oocyte  destruction  is  a  sensitive, 
quantitative,  in  vivo  measure  of  PAH  toxicity  which  may  parallel  carcino- 
genicity. 

3,  The  widely  used  alkylating  agent  cyclophosphamide  (CY)  produces  sterility 
in  experimental  animals,  and  a  dose  and  age  dependent  permanent  amenorrhea 
in  women.  With  increasing  therapeutic  use  attention  should  be  given  to 
understanding  the  mechanisms  of  permanent  cytotoxicity  to  the  reproductive 
system.  We  have  explored  time,  dose,  strain,  species,  oocyte  and  follicle 
differences  in  oocyte  destruction  by  CY  using  four  week  old  female  Sprague 
Dawley  (SD)  rats,  DBA/2N  (D2)  and  C57BL/6N  (B6)  mice.  The  animals  were 
treated  with  CY  dissolved  in  sterile  phosphate  buffered  saline  by  intraperi- 
toneal injection.  The  animals  were  sacrificed  from  24h  to  three  weeks  after 
treatment  at  doses  from  1  mg/kg  to  200  mg/kg,  ovaries  were  removed,  fixed  in 
Bouin's  medium  and  serially  sectioned.  CY  did  not  destroy  growing  or  large 
oocytes  or  follicles,  but  did  destroy  primordial  oocytes.  The  threshold  for 
primordial  oocyte  destruction  was  60  mg/kg  for  D2  mice  and  30  mg/kg  for  B6 
mice,  but  greater  than  200  mg/kg  for  SD  rats.  Primordial  oocyte  destruction 
was  completed  between  48  and  72  hours  after  treatment  in  both  species.  The 
LDrQ  for  primordial  oocyte  destruction  was  140  mg/kg  in  02  and  65  mg/kg  in 
B6  mice.  The  rate  of  primordial  oocyte  destruction  by  CY  is  much  more  rapid 
than  that  observed  for  polycyclic  aromatic  hydrocarbons.  However,  the 
threshold  for  primordial  oocyte  destruction  is  an  order  of  magnitude  higher 
for  CY  than  for  PAH.  The  order  of  sensitivity  to  primordial  oocyte  destruc- 
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tion,  B6>D2»SD,  is  similar  for  both  CY  and  polycyclic  aromatic  hydrocarbons. 
It  is  not  known  whether  these  differences  represent  strain  or  species  differ- 
ences in  metabolic  activation,  detoxification  or  repair.  The  rodent  ovary 
may  provide  a  useful  experimental  model  for  studying  the  mechanism  of  oocyte 
destruction  by  CY  and  other  antineoplastic  drugs. 

4.  Mouse  ovarian  aryl  hydrocarbon  hydroxylase  (AHH,  EC  1.14.14.2)  activity 
was  measured  in  untreated  control  DBA/2N  (D2)  and  C57BL/6N  (86)  mice  and  in 
mice  treated  with  3-methylcholanthrene  (MC).  Basal  ovarian  AHH  activity  was 
similar  in  both  strains  (3  pmol/mg/min).  Ovarian  AHH  was  induced  2  to  3- 
fold  in  B6  mice  after  MC  treatment,  while  no  change  was  observed  in  similarly 
treated  D2  mice.  Primordial  oocytes  of  both  D2  and  B6  mice  were  destroyed 
by  the  carcinogenic  polycyclic  aromatic  hydrocarbons  (PAH),  MC,  benzo[a]py- 
rene  (BP),  and  7,12-dimethylbenz[a]anthracene  (DMBA),  but  not  by  the  non- 
carcinogens,  pyrene,  a-naphthoflavone,  and  6-naphthoflavone.  The  rate  of 
primordial  oocyte  destruction  after  PAH  administration  was  faster  in  respon- 
sive B6  mice  than  in  nonresponsive  D2  mice.  After  a  single  i.p.  injection 
of  PAH  (80  mg/kg),  50%  of  the  oocytes  were  destroyed  by  the  following  times: 
DMBA,  1  day  for  B6,  2  days  for  D2;  MC  between  2  and  3  days  for  B6,  6  days 
for  D2;  BP,  between  2  and  3  days  for  B6,  12  days  for  D2.  Dose-response 
curves  of  DMBA,  MC,  and  BP  also  indicated  greater  primordial  oocyte  toxicity 
in  responsive  B6  mice  than  in  nonresponsive  D2  mice.  The  threshold  dose  for 
oocyte  destruction  5  days  after  PAH  injection  was:  DMBA,  <1  mg/kg  for  86, 
<  2.5  mg/kg  for  D2;  MC,  <  5  mg/kg  for  86,  ~  80  mg/kg  for  D2;  BP,  <  5  mg/kg 
for  B6,  -  80  mg/kg  for  D2.   In  MC-treated  D2B6F,  x  D2  backcross  mice,  PAH- 
inducible  ovarian  AHH  activity  and  rapid  primoridal  oocyte  toxicity  cosegre- 
gated  with  inducible  hepatic  AHH  activity.  Primordial  oocyte  toxicity  was 
blocked  by  simultaneous  treatment  with  a-naphthoflavone.  The  relative 
toxicity  of  the  carcinogens  to  primordial  oocytes  in  both  D2  and  B6  mice  was 
DMBA  >  MC  >  BP. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 

Our  studies  are  aimed  at  providing  a  better  understanding  of  tumor  initia- 
tion as  well  as  tumor  progression.  This  information  will  then  be  used  to 
design  chemotherapeutic  regimens  as  well  as  new  chemotherapeutic  agents  for 
treating  these  and  other  tumors. 

Proposed  Course  of  Project: 

Continue  the  course  outlined  under  Objectives, 

Publications: 

1.   Mattison,  D.  R. ,  and  Thorgeirsson,  S.  S. :  Ovarian  aryl  hydrocarbon 
hydroxylase  activity  and  primordial  oocyte  toxicity  of  polycyclic  aro- 
matic hydrocarbons  in  mice.  Cancer  Res.  39:  3471-3475,  1979. 
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2.  Johnson,  E.  F. ,  Levitt,  D.  S. ,  Muller-Eberhard,  U.,  and  Thorgeirsson, 
S.  S. :  Divergent  pathways  of  carcinogen  metabolism:  Metabolism  of  2- 
acetylaminofluorene  by  multiple  forms  of  cytochrome  P-450.  Cancer  Res. 
1980  (in  press). 

3.  Thorgeirsson,  S.  S. ,  Levitt,  D.  S.,  and  Smith,  C.  L. :  Induction  of  N- 
and  C-Hydroxylations  of  2-Acetylaminofluorene  in  Rat  Hyperplastic  Liver 
Nodules  and  Hepatomas.  International  Symposium  on  Microsomes,  Drug 
Oxidation  and  Chemical  Carcinogenesis:  Ann  Arbor,  Michigan,  July  15-18, 
1980  (in  press). 

4.  Mattison,  D.  R.  ,  Menard,  R.  H.  and  Thorgeirsson,  S.  S.:  Ovarian  Aryl 
Hydrocarbon  Hydroxylase  Activity  and  Oocyte  Destruction.  International 
Symposium  on  Microsomes,  Drug  Oxidation  and  Chemical  Carcinogenesis. 
Ann  Arbor,  Michigan,  July  15-18,  1980  (in  press). 
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Project  Description: 

Objectives: 

The  main  objectives  of  this  project  are:  (1)  to  examine  the  role  of  both 
subcellular  fractions  and  intact  rodent  hepatocytes  in  activating  procarcino- 
gens  to  ultimate  carcinogens  and/or  mutagens;  (2)  to  study  the  relationship 
between  mutagenicity  in  the  in  vitro  microbial  test  system  (Salmonella  test 
system)  and  carcinogenicity  of  antitumor  agents  and  chemical  carcinogens; 
(3)  to  examine  the  possible  difference  in  the  mutagenic  effects  of  antitumor 
agents  and  other  chemical  mutagens  in  mammalian  and  microbial  cell  systems. 

Methods  Employed: 

The  principal  methods  employed  are:  (1)  bacterial  and  mammalian  culture 
techniques,  (2)  differential  centrifugation,  (3)  enzyme  assays,  (4)  recording 
spectrophotometry,  and  (5)  high  pressure  liquid  chromatography. 

Major  Findings: 

1.  Recent  studies  have  shown  that  the  soluble  fraction  of  rat  liver  acti- 
vates the  proximate  carcinogen  N-hydroxy-2-acetylaminofluorene  (N-OH-AAF) 
to  a  potent  mutagen  in  the  Salmonella  test  system.  (Cancer  Res.  38:  2058, 
1978).  Since  both  N-OH-AAF  sulfotransferase  and  N-0  acyltransferase  have 
been  implicated  in  the  activation  of  N-OH-AAF  to  its  ultimate  carcinogenic 
form(s)  we  have  investigated  the  role  of  these  two  rat  liver  cytosolic 
enzymes  in  the  mutagenic  activation  of  N-OH-AAF  in  the  Salmonella  test 
system.  N-OH-AAF  sulfotransferase  was  purified  more  than  40-fold  (30-55% 
ammonium  sulfate  precipitation,  DEAE  cellulose  chromatography  and  hydroxyl- 
apatite  chromatography)  and  N-0-acyltransferase  more  than  15-fold  (45-65% 
ammonium  sulfate  precipitation  and  gel  filtration  on  Sephadex  G-lOO)  from 
male  Sprague-Dawley  rat  liver.  Partially  purified  sulfotransferase  possessed 
practically  no  N-0-acyltransferase  activity  (<5%  control  cytosolic  activity) 
whereas  partially  purified  N-0-acyltransferase  was  almost  completely  devoid 
of  sulfotransferase  activity  (<5%  control  cytosolic  activity).  Using  the 
partially  purified  enzyme  fractions  with  Salmonella  TA  98  the  following 
mutation  frequencies  (revertants/plate)  were  obtained  with  N-OH-AAF  (1.0 

and  2.5  yg/plate):  control  cytosol  (570,  1200);  N-O-acyl transferase  (1000, 
1500);  and  sulfotransferase  (50,  150).  These  results  indicate  that  the 
mutagenic  activation  of  N-OH-AAF  by  the  cytosolic  fraction  of  rat  liver  is 
catalyzed  by  N-O-acyl transferase  rather  than  sulfotransferase  in  the  Salmon- 
ella test  system. 

2.  The  diazo-amino  acid  derivatives,  azaserine  (0-diazoacetyl -L-serine) 
and  DON  (6-diazo-5-oxo-L-norleucine) ,  have  been  found  to  inhibit  cell 
growth  in  mammalian  and  microbial  systems,  and  both  compounds  have  been 
used  in  the  treatment  of  neoplastic  diseases.  L-azaserine,  however,  is 
known  to  cause  carcinoma  in  the  pancreas,  kidney,  and  liver  of  the  rat,  and 
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is  a  direct  acting  mutagen  in  microbial  test  systems.  Another  amino  acid 
derivative,  MNCO  [N-(N-methyl-N-nitroso-carbamyl )-L-ornithine],  a  nitro- 
sourea derivative  of  ornithine,  is  also  carcinogenic  in  rats,  but  was  not 
found  to  be  mutagenic  in  the  Salmonella  test  system.  We  have  examined  the 
mutagenic  effect  of  these  three  amino  acid  derivatives  in  the  Salmonella 
system  with  respect  to  the  role,  if  any,  of  metabolic  activation  in  the 
mutagenic  potential  of  these  compounds. 

Azaserine  and  MNCO,  but  not  DON,  were  directly  mutagenic  in  strain  TA  100. 
The  inclusion  of  either  liver  or  pancreatic  S-9  fractions  in  the  mutagenesis 
assay  did  not  significantly  increase  the  number  of  revertants  caused  by 
azaserine  or  MNCO;  DON  was  not  mutagenic.  The  mutagenic  potency  of  the  L- 
azaserine  was  about  2000-fold  greater  than  that  of  D-azaserine,  although 
the  maximum  number  of  revertants  was  not  different  for  either  of  the  two 
stereoisomers. 

The  quantitative  difference  in  the  mutagenicity  of  D-  and  L-azaserine 
suggests  that  transport  of  these  amino  acid  analogs  across  the  bacterial 
cell  wall  plays  a  major  role  in  determining  the  mutagenic  potency  of  the 
stereoisomers  although  a  \jery   small  contamination  of  the  D-isomer  with  the 
L-isomer  can  not  be  excluded. 

3.  The  effects  of  3-methylcholanthrene  (MC)  pretreatment  on  the  metabolism 
and  subcellular  fractions  activation  of  dimethylnitrosamine  (DMN)  were 
studied  with  liver  subfractions  from  two  strains  of  mice  differing  genetical- 
ly with  respect  to  aromatic  hydrocarbon  responsiveness.  Both  mutagenic 
activation  and  DMN  N-demethylase  activity  segregated  with  aryl  hydrocarbon 
(benzo[a]pyrene)  hydroxylase  activity  as  a  dominant  trait  in  appropriate 
crosses  between  C57BL/6  (Ah°Ah  )  and  DBA/2  (Ah  Ah  )  mice.  Both  DMN  met^bojl^- 
ism  and  mutagenicity  were  increased  by  MC-pretreatment  in  responsive  Ah  Ah 
and  Ah  Ah  mice,  but  not  in  non-responsive  Ah  Ah  mice.  This  indicates  the 
involvement  of  the  Ah  locus  in  the  genetic  regulation  of  these  activities  in 
mice. 

Deuterium  substitution  for  hydrogens  in  the  N-methyl  groups  of  DMN  resulted 
in  reduced  mutagenicity  and  DMN  N-demethylase  activity  by  approximately  90 
and  50  percent,  respectively. 

4.  Both  the  oxidative  metabolism  and  mutagenic  activation  of  2-acetylamino- 
fluorene  (AAF)  in  the  Salmonella  test  system  were  studied  with  liver  sub- 
cellular fractions  from  untreated  and  6-naphthoflavone  (BNF)-pretreated 
chicks  during  the  first  10  days  after  hatching.  Newly  hatched  chicks 
possessed  high  liver  microsomal  monooxygenase  activities,  and  these  activi- 
ties were  markedly  increased  by  BNF-pretreatment.  The  mutagenic  activation 
of  AAF  with  control  liver  subcellular  fraction  was  highest  on  day  1  after 
hatching  and  subsequently  declined  thereafter.  BNF-pretreatment  caused 
decreases  in  the  mutagenicity  of  AAF  at  high  protein  concentrations  in  the 
test  system,  but  led  to  increases  in  mutagenic  activity  when  low  protein 
concentrations  were  applied.  N-Hydroxy-2-acetylaminofluorene  was  activated 
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to  a  mutagen  by  microsomal  metabolism  and  this  reaction  was  blocked  by  the 
deacetylase  inhibitor  paraoxon.  SDS  polyacryl amide  gel  electrophoresis  of 
liver  microsomes  from  BNF-pretreated  chicks  showed  an  increase  in  a  band 
corresponding  to  a  molecular  weight  of  approximately  55,000.  The  increase 
in  the  55,000  molecular  weight  band  following  BNF-pretreatment  was  associa- 
ted with  increases  in  aryl  hydrocarbon  (benzo[a]pyrene)  hydroxylase  and  AAF 
N-hydroxylase  activities  in  the  chick  liver  microsomes. 

5.  Induction  of  liver  microsomal  N-hydroxylation  of  AAF  by  MC  has  previously 
been  shown  to  closely  parallel  induction  of  cytochrome  P-448  during  post- 
natal development  in  the  rabbit.  Induction  of  aryl  hydrocarbon  hydroxylase 
(AHH)  activity  by  MC,  on  the  other  hand,  was  not  correlated  with  AAF  N- 
hydroxylation.  We  have  examined  the  effects  of  MC  on  the  mutagenic  activa- 
tion of  the  carcinogenic  arylamines  AAF,  2-aminofluorene  (AF)  and  2,4- 
diaminoanisole  (2,4-DAA)  by  liver  homogenates  in  the  postnatal  rabbit  with 
the  developmental  profiles  of  cytochrome  P-448  and  AHH.  Mutagenic  activa- 
tion of  AF  and  2,4-DAA  was  increased  by  MC  as  soon  as  2  days  after  birth, 
while  induction  of  AAF  mutagenicity  appeared  only  6  days  after  birth. 
Thereafter,  induction  of  the  mutagenicity  of  all  3  arylamines  closely 
paralleled  induction  of  cytochrome  P-448  and  this  was  maintained  into 
adulthood.  In  contrast,  induction  of  AHH  activity  by  MC  was  highest  at  2 
days  of  age,  and  decreased  to  control  levels  20  days  after  birth. 

6.  The  Salmonella  mutagenesis  test  system  was  used  to  evaluate  the  in 
vitro  mutagenic  potency  of  AAF  and  N-OH-AAF,  mediated  by  liver  and  kidney 
subcellular  fractions  from  X/Gf  mice,  a  strain  resistant  to  AAF  carcinogene- 
sis. Pretreatment  of  the  mice  with  the  microsomal  inducers  MC  and  2,3,7,8- 
tetrachlorodibenzo-p-dioxin  (TCDD)  increased  the  number  of  revertants  using 
both  liver  and  kidney  fractions.  Mutagenicity  of  N-OH-AAF  mediated  by 
liver  or  kidney  microsomes  was  partially  inhibited  at  0.001  to  0.1  uM 
paraoxon  (diethyl -p-nitrophenyl  phosphate)  and  the  inhibition  was  complete 
(98%)  at  100  yM  paraoxon  in  untreated  controls.  On  the  other  hand,  the 
liver  and  kidney  microsomal  fractions  from  MC  and  TCDD  treated  X/Gf  mice 
were  less  sensitive  to  paraoxon.  The  inhibition  of  kidney  or  liver  cytosol 
mediated  N-OH-AAF  mutagenicity  by  paraoxon  was  less  than  that  observed  with 
the  microsomal  fraction  (50%  inhibition  at  1  x  10"  and  5  x  10   M  paraoxon, 
respectively).  The  mutagenicity  of  AAF  and  N-OH-AAF  mediated  by  liver  or 
kidney  subcellular  fractions  from  X/Gf  mice,  and  its  response  to  inducers 
and  inhibitors  of  mutagenic  activation  processes  appear  similar  to  those 
observed  in  species  both  resistant  (cotton  rat)  and  sensitive  (Sprague- 
Dawley,  Swiss  mice)  to  AAF  carcinogenesis. 

7.  Ring   C-labelled  2,4-diaminoanisole  disulfate  (2,4-DA)  was  administered 
to  rats  pretreated  with  the  microsomal  inducers  phenobarbital  (PB),  3- 
naphthoflavone  (BNF),  MC  or  TCDD.  The  24  hr  urine  from  rats  pretreated 
with  PB  showed  a  two-fold  increase  in  revertant  rate  over  the  corresponding 
controls  as  measured  by  the  Ames  Salmonella  test  system.  Pretreatment  of 
rats  with  BNF,  MC  or  TCDD  decreased  the  mutagenicity  of  urine  by  about  70%. 
Release  of  conjugates  by  e-glucuronidase  increased  the  mutagenicity  of 
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urine  even  in  the  absence  of  an  activating  system  but  the  number  of  rewer- 
tants  was  almost  doubled  in  the  presence  of  an  activating  system.  The 
urine  from  rats  treated  only  with  the  four  inducers  did  not  show  any  muta- 
genicity. 2,4-DA  itself  was  mutagenic  only  in  the  presence  of  an  activating 
system.  a-Naphthoflavone  (ANF)  (0.1  mM)  inhibited  by  85-90%  the  in  vitro 
mutagenicity  of  urine,  mediated  by  Aroclor  1254,  MC  or  TCDD  induced  rat 
liver  microsomes.  The  mutagenicity  mediated  through  PB  induced  rat  liver 
microsomes  was,  however,  inhibited  only  by  16%.  Similarly,  0.1  mM  metyrapone 
inhibited  the  mutagenicity  of  urine  mediated  by  Aroclor  1254,  MC  or  TCDD 
induced  rat  liver  microsomes  by  13  to  18%.  Metyrapone  (0.1  mM)  inhibited 
the  mutagenicity  of  urine  mediated  by  PB  induced  rat  liver  microsomes  by 
50%.  The  mutagenicity  pattern  for  urine  in  vitro  was  shown  to  be  similar 
with  liver  S-9  fractions  from  rats  induced  either  with  Aroclor  1254  or  with 
MC. 

8.  Coincubation  of  isolated  and  intact  rat  hepatocytes  and  Salmonella 
typhimurium,  (Salmonella/hepatocyte  system)  strain  TA  98  was  employed  to 
determine  both  bacterial  mutagenicity  and  DNA  damage  in  the  hepatocytes  as 
measured  by  alkaline  elution,  following  treatment  with  AAF,  AF,  and  N-OH- 
AAF.  Both  the  mutagenicity  and  the  rate  of  DNA  elution  were  dose-dependent 
for  all  three  compounds.  N-OH-AAF  was  5  times  more  mutagenic  and  caused 
80-100  times  more  DNA  damage  in  the  hepatocytes  than  either  AAF  or  AF  when 
compared  on  a  molar  basis.  The  Salmonella/hepatocyte  system  may  provide  a 
more  comprehensive  evaluation  of  the  potential  genotoxic  effect  of  chemicals 
than  the  currently  used  microbial  mutagenesis  systems. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 

Our  studies  are  aimed  at  providing  better  understanding  of  the  mechanism  of 
toxicity,  mutagenicity  and  potential  carcinogenicity  caused  by  antitumor 
agents  and  chemical  carcinogens.  The  information  derived  from  these  studies 
may  provide  a  sounder  base  for  designing  chemotherapeutic  regimes,  early 
identification  of  individuals  at  risk  to  develop  cancer,  and  could  provide 
means  to  prevent  toxic  side  effects  of  antitumor  agents. 

Proposed  Course  of  Project: 

Continue  the  course  outlined  under  Objectives  and  Major  Findings. 
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sulfhydryl  derivatives  of  cyclophosphamide  are  investigated. 
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Project  Description: 

Objectives: 

To  determine  whether  the  covalent  attachment  of  selected  synthetic  polymers 
to  antitumor  agents  will  modify  the  pharmacologic  behavior  in  a  therapeu- 
tically advantageous  manner.  The  synthetic  polymer  chosen  was  di vinyl 
ether  maleic  acid  (DIVEMA)  because  of  its  known  immunestimulating  properties. 
The  antitumor  agents  used  are  methotrexate  and  activated  derivatives  of 
cyclophosphamide. 

In  vivo  comparisons  of  the  effects  of  these  agents  on  transplantable  mouse 
tumors  alone  or  when  linked  to  the  polymer  are  performed. 

In  vitro  experiments  on  cell  growth,  cell  cloning  and  DNA  crosslinking  in 
collaboration  with  LMP  will  provide  further  understanding  of  the  mechanism 
of  action  of  the  chemotherapeutic  agents  alone  and  those  agents  covalently 
bound  to  DIVEMA. 

Studies  concerning  the  relevance  of  liver  binding  proteins  in  the  mechanism 
of  action  of  Cytoxan  derivatives  are  being  initiated. 

Methods  and  Major  Findings: 

The  synthesis  of  synthetic  polymer  linked  antitumor  agents  is  being  carried 
out  by  Dr.  Ringsdorf's  polymer  chemistry  group  in  Mainz,  Germany.  Our  work 
is  concerned  with  determining  the  usefulness  of  these  substances  in  bio- 
logical systems.  We  have  evaluated  the  in  vitro  hydrolysis  rates  of  these 
compounds  in  aqueous  media  prior  to  use  either  in  in  vitro  cell  toxicity 
studies  or  in  rn  vivo  antitumor  and  toxic  action  investigations. 

We  have  so  far  concentrated  our  efforts  on  determining  the  usefulness  of 
DIVEMA  as  the  co-polymer  to  which  either  MTX  or  cyclophosphamide  derivatives 
are  covalently  bound.  This  negatively  charged,  water  soluble  polymer  is 
also  an  immunestimulating  agent.  These  characteristics  favored  its  choice. 
As  will  be  seen  by  the  following  findings  with  both  MTX  and  cyclophosphamide, 
this  co-polymer  when  linked  to  antitumor  agents  enhances  toxicity  without 
increasing  the  therapeutic  antitumor  action. 

MTX  attached  via  the  pteridine  ring  to  a  carboxylic  group  of  DIVEMA  showed 
a  three  fold  increase  in  toxicity  when  compared  to  MTX  alone.   It  also 
showed  an  increased  antitumor  action  in  both  L1210  and  Lewis  lung  carcinoma 
in  mice  but  in  vitro  hydrolytic  problems  made  evaluation  very  difficult. 
Model  chemical  studies  indicated  that  the  amide  linkage  at  the  pteridine 
ring  with  DIVEMA  was  inherently  unstable  because  of  a  neighboring  group 
effect  upon  conversion  of  the  anhydride  form  to  the  water  soluble  carboxylic 
form.  For  this  reason  an  alternate  covalent  linkage  through  the  glutamic 
acid  end  of  the  MTX  molecule  to  DIVEMA  was  synthesized.  This  substance  was 
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much  more  hydrolytically  stable  in  aqueous  medium  than  the  amide  linkage  as  . 
indicated  by  diafiltration  on  millipore  membranes.  Tests  in  the  L1210 
system  in  vivo  indicated  that  this  substance  at  maximum  tolerable  doses 
gave  only  a  half  a  log  cell  kill  compared  to  a  two  log  cell  kill  with  MTX 
plus  DIVEMA. 

With  the  cyclophosphamide  derivatives  we  have  concentrated  along  two  lines: 
extensive  evaluation  of  the  monomeric  sulfhydryl  derivatives  themselves  and 
comparative  evaluation  of  these  agents  when  linked  to  the  polymer  DIVEMA. 

The  sulfhydryl  derivatives  of  cyclophosphamide  spontaneously  revert  to  4- 
OH-cyclophosphamide  and  thus  bypass  enzymatic  activation  by  liver  micro- 
somes, an  in  vivo  action  considered  essential  for  antitumor  action  since 
cyclophosphamide  is  inactive  in  vitro. 

Several  sulfhydryl  derivatives  of  4-0H-cyc1ophosphamide  with  chain  lengths 
on  the  sulfhydryl  side  chain  varying  from  two  to  eleven  carbons  were 
studied.  The  rate  of  release  of  4-OH-cyclophosphamide  from  both  the  mono- 
meric and  the  polymer  linked  sulfhydryl  compound  was  investigated.  Hydro- 
phobicity  and  length  of  alkyl  chain  substituents  decreased  the  rate  of 
hydrolysis.  The  polymeric  derivatives  were  more  slowly  hydrolyzed  than 
their  corresponding  monomers. 

Two  derivatives,  4-S-(hexane-6-o1 )-su1fidocyclophosphamide  and  4-S-(propionic 
acid)-su1fidocyclophosphamide  were  evaluated  for  their  cytoxicity  and  DNA 
damaging  effects  against  L1210  cells  in  vitro  (cooperative  effort  with  LMP, 
NCI).  The  same  two  derivatives  were  evaluated  for  antitumor  action  in  vivo 
on  L1210  ascites  and  solid  Lewis  lung  carcinoma. 

In  vitro  the  two  derivatives  were  compared  with  phosphoramide  mustard,  the 
alkylating  species  formed  by  4-OH  cyclophosphamide  decomposition.  All 
three  compounds  yielded  colony  survival  curves  of  similar  shape.  The 
sulfido  compounds  were  four  times  more  potent.  DNA  crosslink  formation  and 
removal  kinetics  were  also  similar  with  similar  differences  in  potency, 
indicating  that  cell  killing  may  be  mediated  by  DNA  crossl inking.  These 
derivatives  therefore  are  valuable  for  the  study  of  the  molecular  mechanism 
of  action  of  cyclophosphamide  without  the  necessity  of  prior  enzymatic 
activation. 

These  two  derivatives  when  administered  in  vivo  gave  large  cell  kills  (5  to 
6  logs)  of  L1210  ascites  tumor.  This  effect  is  comparable  with  cyclophos- 
phamide treatment.  Two  kinds  of  toxicity  iji  vivo  were  noted  with  intra- 
peritoneal administration,  liver  atrophy  with  fibrosis  of  hepatic  capsular 
structures  and  severe  muscular  spasms  with  acute  lethality  from  the  pro- 
pionic acid  derivative.  The  data  indicate  no  therapeutic  advantage  in 
LI 210  and  Lewis  lung  tumor  of  these  derivatives  over  cyclophosphamide. 
However,  because  of  the  large  cell  kill  the  effects  of  these  agents  on 
other  tumor  systems  should  be  studied. 
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Toxicity  studies  in  mice  indicate  that  rate  of  hydrolysis  and  chain  length 
of  monomeric  compounds  are  related  to  toxicity.  Therefore  potential  ana- 
logues with  appropriate  alterations  may  prove  to  be  less  toxic. 

The  polymeric  derivatives,  which  were  most  slowly  hydrolyzed,  were  however 
the  most  toxic  derivatives  in  vivo.  This  result  is  similar  to  the  results 
obtained  when  MTX  was  attached  to  this  polymer.  We  therefore  conclude  that 
the  negatively  charged  polymer  (DIVEMA)  is  directing  the  antitumor  agent 
not  specifically  to  the  tumor,  but  to  the  sensitive  normal  tissues.  Other 
synthetic  polymers  that  are  amphoteric  and  positively  charged  will  be 
studied  in  the  future. 

These  conclusions  were  further  strengthened  by  studies  of  the  kinetics  of 
crossl inking  of  a  monomeric  derivative  4-S-(hexane-6-ol )-sul f ido-CP  and  its 
DIVEMA  attached  analogue.  Although  the  kinetics  of  crossl inking  as  measured 
by  alkaline  elution  was  similar  for  the  two  analogs  as  well  as  for  phosphor- 
amide  mustard,  the  polymer  resulted  in  DNA  crossl inking  only  half  as  much 
as  for  the  two  monomeric  compounds.  Therefore  selective  endocytic  uptake 
of  the  polymer  was  not  supported  by  these  data,  which  suggest  that  the 
polymer  first  hydrolyzes  extracellularly  to  a  monomeric  compound  before 
transport. 

Even  though  this  polymer  (DIVEMA)  appears  not  to  be  promising  as  an  agent 
covalently  bound  to  antitumor  agents  it  does  have  immunestimulating  pro- 
perties when  used  alone.  For  example  when  given  together  with  killed  L1210 
cells  in  vivo  to  mice  it  will  prevent  the  subsequent  take  of  L1210  cells  in 
mice,  whereas  killed  L1210  cells  alone  will  not  do  this.  Therefore  DIVEMA 
may  be  useful  added  to  an  antitumor  agent  which  exhibits  good  log  cell  kill 
but  is  too  toxic  to  result  in  cures.  We  are  conducting  experiments  to 
determine  how  much  of  an  antigen  load  (killed  tumor  cells)  is  needed  and 
whether  cyclophosphamide  will  suppress  this  effect.  Preliminary  results 
indicate  a  large  antigen  load  is  necessary  to  invoke  this  effect  and  that 
cyclophosphamide  will  suppress  the  effect  when  given  simultaneously  with 
the  killed  cells. 

Data  concerning  the  binding  of  sulfhydryl  derivatives  of  cyclophosphamide 
or  their  derivatives  formed  by  hydrolysis  are  just  beginning  to  accumulate. 
We  are  investigating  whether  the  liver  protein  ligandin  plays  a  role  in  the 
in  vivo  stabilization  and  transport  of  4-OH-cyclophosphamide.   Initially 
the  stoichiometry  of  binding  is  being  investigated  and  preliminary  results 
indicate  the  possibility  of  a  ligandin-CP  monomer  complex. 
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SUMMARY  OF  WORK  (200  words. or  less  -  underline  keywords) 

HPLC  is  used  to  quantitate  nucleosides  in  biological  fluids  and  tissues 
following  administration  of  thymidine  and  other  chemotherapeutic  agents. 
The  purpose  of  the  work  is  to  understand  and  relate  pharmacokinetic 
behavior  of  molecules  to  biochemical  and  therapeutic  or  toxic  action  both 
in  vitro  and  in  vivo. 
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Project  Description: 

Objectives: 

This  project  is  a  continuation  and  extension  of  the  previous  years  work 
which  was  a  cooperative  effort  with  the  Baltimore  Cancer  Research  group  and 
the  Stehlin  Foundation  to  determine  the  feasibility  of  using  thymidine  in 
vivo  as  a  cancer  chemotherapeutic  agent.  Pharmacokinetic  studies  were 
conducted  in  mice,  monkeys,  and  humans  during  this  cooperative  effort. 
Because  therapeutic  results  in  Phase  I-II  trials  on  a  limited  number  of 
patients  have  been  inconclusive  at  a  millimolar  thymidine  concentration  in 
plasma,  we  have  explored  the  possibility  of  going  to  even  higher  plasma 
concentrations  and  have  used  a  mouse  model  to  test  toxicity  and  therapeutic 
effect  (LI  210).   Exploration  of  the  use  of  thymidine  as  a  metabolic  modula- 
tor in  combination  with  chemotherapeutic  agents  is  being  considered. 

Modifications  of  extraction  and  analytical  methods  are  explored  in  attempts 
to  speed  up  the  analysis  of  samples. 

Since  deoxycytidine  in  j_n  vitro  systems  reverses  the  toxic  action  of  thymi- 
dine, methods  by  which  this  nucleoside  can  be  quantitated  in  biological 
fluids  and  tissues  are  being  explored. 

Using  pharmacokinetic  findings  and  therapeutic  principles  the  combination 
of  thymidine  and  cytosine  arabinoside  will  be  studied  with  respect  to 
pharmacologic  mechanisms  and  therapeutic  and  toxic  effects. 

Methods  and  Major  Findings: 

An  HPLC  system  using  either  A-7  or  A-8  Bio-Rad  cation  exchange  resin  is 
used  to  resolve  the  nucleosides  from  extracts  of  biological  fluids.  The 
extraction  method  used  initially  was  protein  precipitation  with  perchloric 
acid,  neutralization  by  potassium  hydroxide,  and  then  millipore  filtration 
prior  to  application  to  the  HPLC  volumn.  Because  of  the  long  time  for  the 
potassium  perchlorate  salt  to  precipate  completely  out  of  solution  and  for 
the  pH  to  stabilize  we  have  tried  to  find  an  alternate  extraction  procedure. 
After  trying  procedures  such  as  ethyl  acetate  extraction,  ultra-filtration, 
and  various  alcohols  we  found  that  a  simple  methanol  extraction  and  subse- 
quent concentration  in  a  Brinkman  concentrator  appears  to  work.  We  are 
currently  conducting  studies  on  recovery  from  biological  fluids  and  tissues 
using  this  technique  in  conjunction  with  HPLC  resolution  and  quantitation 
of  thymidine,  thymine,  deoxycytidine  and  other  nucleosides. 

Mouse  Toxicity  and  Pharmacokinetics 

Our  purpose  was  to  determine  what  amount  of  thymidine  must  be  given  to  mice 
to  result  in  lethal  toxicity,  how  this  toxicity  is  manifested  and  the 
relative  pharmacokinetic  behavior  of  thymidine  at  toxic  and  non-toxic 
doses.  Probit  analysis  of  lethal  toxicity  indicated  that  the  lOcn   of 
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thymidine  given  as  a  single  intraperitoneal  injection  is  4700  mg/kg. 

Since  the  diuretic  furosemide  was  used  clinically  in  the  Phase  I-II  trials 
because  of  unexplained  anuresis  following  administration  of  huge  water 
loads  necessary  to  administer  the  quantity  of  thymidine  desired,  we  tested 
furosemide  in  mice.  A  non-toxic  dose  of  furosemide  alone  (8  mg/kg)  increased 
thymidine  toxicity  (shifted  the  dose  response  curve  of  thymidine  to  the 
left).  NaCl  added  to  aqueous  injection  solutions  of  thymidine  shifted  such 
solutions  from  hypotonic  to  hypertonic  with  plasma  (290  mil  1 iosmolar) ,  and 
produced  a  decrease  in  thymidine  toxicity  (shifted  the  dose  response  curve 
to  the  right). 

Nontoxic  doses  of  thymidine  were  cleared  rapidly  from  the  plasma  and  thymi- 
dine concentrations  were  very  low  by  20  hours.  Toxic  doses  of  thymidine  in 
contrast  resulted  in  thymidine  concentrations  close  to  10  millimolar  for 
about  20  hours. 

In  collaboration  with  the  Laboratory  of  Medicinial  Chemistry  and  Biology, 
studies  were  conducted  to  determine  the  cause  of  lethality  in  mice  after 
thymidine  administration.  Within  15  minutes  after  doses  between  the  LD-|q 
and  LDrp,  mean  arterial  blood  pressure  and  heart  rate  fell  precipitously  and 
remainea  depressed  for  over  6  hours.  During  the  experimental  period, 
sedation  and  anuresis  were  also  consistently  observed  in  only  the  thymidine 
treated  mice  and  not  mice  treated  with  equivalent  volumes  of  drug  vehicle. 
Large  amounts  of  fluid  were  observed  in  the  peritoneal  cavity  of  mice  that 
died  because  of  thymidine.   It  is  conceivable  that  severe  hypotension  and 
bradycardia  contributed  to  the  death  of  some  animals. 

In  other  experiments  by  Dr.  Herman,  it  was  found  that  thymidine  exerted 
little  direct  effect  on  the  isolated  perfused  heart  preparation.  This 
suggests  that  the  observed  cardiodepressant  actions  may  be  mediated  through 
metabolic  alterations  in  the  organ  or  by  thymidine  metabolites  formed  in 
other  organs  and  transported  to  the  heart. 

The  lethargy  and  sedation  seen  in  mice  as  a  result  of  high  dose  thymidine 
could  also  be  an  indirect  (hypotension)  or  a  direct  action  of  thymidine  or 
metabolites  on  the  central  nervous  system. 

Thymidine  and  L1210  In  Vitro  and  In  Vivo  (Mice) 

It  has  been  observed  that  thymidine  at  millimolar  concentrations  is  a  very 
good  suppressor  of  growth  vn   vitro  of  LI 210.  However,  no  one  as  yet  has 
shown  that  thymidine  in  vivo  can  slow  or  suppress  the  growth  of  L1210  in 
mice.  This  is  a  curious  anomaly  and  could  be  due  to  a  pharmacokinetic 
problem  due  to  the  difficulty  of  producing  sustained  high  concentrations  of 
thymidine  in  vivo.   It  could  also  be  due  to  a  biochemical  problem  in  that 
salvage  of  certain  nucleosides  (particularly  deoxycytidine)  occurs  signifi- 
cantly in  vivo.  We  are  currently  investigating  both  of  these  possibilities. 
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Infusion  into  mice  is  one  approach  currently  being  pursued  by  other  labora- 
tories as  a  way  to  overcome  the  pharmacokinetic  problem.  This  approach  is 
limited  by  technical  difficulties  and  the  number  of  mice  that  can  be  realis- 
tically studied.  We  have  attempted  an  alternate  approach  of  injecting 
large  volumes  intraperitoneally  as  a  way  to  sustain  plasma  concentrations 
of  thymidine  in  vivo  in  mice.  We  have  found  by  careful  manipulation  of 
osmolarity,  volumes  of  injection  fluid,  and  schedule  of  injections  that  we 
can  achieve  reasonably  constant  high  concentrations  in  the  plasma.  We  are 
currently  determining  the  effects  of  such  high  concentrations  1)  in  vivo 
by  quantitating  suppression  of  growth  or  tumor  log  cell  kill  with  increase 
in  life  span  assays,  2)  in  vitro  by  inhibition  of  cell  growth  and  by  deter- 
mining suppression  of  clone  formation.  We  are  also  monitoring  deoxycytidine 
in  the  plasma  and  spleen  of  L1210  bearing  mice  in  an  attempt  to  understand 
cytostatic  and  cytotoxic  effects. 

Prel iminary_experimeots  in  vitro  indicate  that  a  1 5  hr  exposure  of  L1210 
cells  to  10   or  10  M  TdR  inhibits  cell  growth  during  treatment.  Once  the 
TdR  is  removed,  the  treated  cells  remain  inhibited  for  24  hrs  after  which 
time  surviving  cells  resume  logarithmic  growth  similar  to  controls.  Whether 
exposures  of  TdR  up  to  96  hrs  allow  for  cell  recovery  after  drug  removal  is 
under  investigation. 

Ara-C  and  Thymidine 

There  is  a  biochemically  logical  reason  why  this  combination  may  be  useful 
for  treating  Ara-C  resistant  tumors.  Resistance  is  very   likely  due  to  an 
imbalance  of  the  deaminases  and  kinases  that  inactivate  and  activate  Ara-C. 
The  metabolic  product  of  thymidine,  TTP  is  a  potent  inhibitor  of  cytidine 
deaminase  and  a  less  potent  inhibitor  of  pyrimidine  kinases  and  ribonucleo- 
tide reductases.  This  selective  action  on  certain  enzymes  may  extend  to 
chemotherapeutic  selectivity  on  tumors  versus  normal  tissues  when  Ara-C  and 
thymidine  are  administered  together. 

Future  and  ongoing  studies  will  deal  with  and  are  attempting  to  understand 
how  normal  metabolic  products  alone  and  in  combination  with  chemotherapeutic 
agents  control  growth  and  death  of  both  normal  and  neoplastic  cells.  By 
measuring  nucleotides  and  nucleosides  we  hope  to  gain  further  understanding 
of  these  processes  and  a  better  appreciation  of  the  role  that  kinetics  of 
these  substances  play  in  toxicity  and  therapy. 
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Project  Description: 
Objectives: 

The  focus  of  this  project  is  to  develop  and  implement  experimental  tumor 
systems  (spontaneous,  virus-induced  or  carcinogen-induced)  for  investigating 
combined  modality  treatments  (immunoadjuvants  combined  with  chemotherapy, 
radiation  and/or  surgery)  with  the  aim  of  improving  therapy  of  human  malig- 
nancies. Studies  are  conducted  on  immunologic  and  pharmacological  mechan- 
isms by  which  immunoadjuvants  activate  and  stimulate  the  various  cellular 
components  (T  cells,  B  cells,  macrophages,  granulocytes)  of  the  immune 
system.  Diagnostic  tests  are  developed  for  monitoring  the  effect  of  immuno- 
adjuvant  therapy  which  influences  tumor  regression.  Immunoadjuvants  are 
also  evaluated  for  their  potential  use  in  tumor  cell  vaccines. 

Methods  Employed: 

A.  Established  or  newly  developed  animal  tumors  are  employed  for  in  vitro 
and  in^  vivo  studies. 

B.  Immune  responses,  both  humoral  and  cellular,  are  measured  by  standard 
procedures  or  by  new  methods  developed  by  Section  staff.  These  assays 
include  T  and  B  cell  mitogens,  T  and  B  cell  immunofluorescent  antibody, 
macrophage  and  lymphocyte  cytotoxicity  tests,  T  cell  rosette,  skin  grafts 
and  allogenic  tumor  grafts,  and  natural  killer  cell  activity. 

Major  Findings: 

Several  agents  were  tested  to  determine  their  macrophage  tumoricidal  activa- 
ting capacity  and  several  produced  a  greater  than  60  percent  tumoricidal 
activity  (poly  ICLC,  lentinan,  thymopoeiten  fractions,  5  maleic  anhydride 
divinyl  ether  analogs,  glucan,  and  human  chorionic  gonadotropin).  The  sub- 
population  of  cells  which  possesses  inherent  tumoricidal  activity,  the 
natural  killer  cells,  was  also  examined  to  determine  whether  their  activity 
could  be  enhanced  by  agents  that  were  found  to  increase  macrophage  tumorici- 
dal activity.  Of  the  agents  tested  interferon,  maleic  anhydride  divinyl 
ether  (MVE)  poly  ICLC  and  human  chorionic  gonadotropin  enhanced  natural 
killer  cell  activity  against  two  tumor  cell  lines  (YAC  and  M109). 

Interferon  appears  to  be  the  direct  activating  factor  for  enhancement  of 
both  macrophage  and  natural  killer  cell  tumoricidal  activity.  Support  for 
this  was  derived  from  studies  on  the  ability  of  interferon  gamma  globulin 
antibody  to  neutralize  the  interferons  enhancing  effect  on  macrophage  and 
natural  killer  cell  activity. 

Studies  were  conducted  to  determine  the  mechanism(s)  of  interferon  tumorici- 
dal activity.  Direct  exposure  of  MBL-2  leukemic  cells  to  interferon  resulted 
in  death  of  20  percent  of  the  tumor  cells.   Interferon  and  MVE  were  examined 
in  vivo  to  ascertain  their  tumoricidal  effect  in  mice  carrying  an  ascitic 
MBL-2  tumor.  Treatment  with  interferon  or  MVE  resulted  in  death  of  56  and 
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46  percent  of  the  tumor  cell  population  in  the  peritoneal  cavity,  respective- 
ly. However,  macrophages  separated  from  the  same  peritoneal  fluid  and 
incubated  in  vitro  with  fresh  MBL-2  tumor  cells  resulted  in  a  52  and  80 
percent  killing  of  tumor  cells.  The  results  indicated  that  treatment  with 
interferon  or  the  MVE  interferon  inducer  activated  peritoneal  macrophages 
to  exert  the  in  vivo  tumoricidal  effect  observed. 

The  prostaglandins  were  shown  to  exert  a  regulatory  function  on  macrophage 
tumoricidal  activity.  Interferon-activated  macrophages,  which  normally 
result  in  a  greater  than  70  percent  killing  of  tumor  cells  (both  nBL-2 
leukemia  and  M109  adenocarcinoma),  were  significantly  decreased  by  the 
addition  of  Prostaglandin  E,  or  £„  (PGE).  This  response  indicates  a  "feed- 
back inhibition  mechanism"  whereby  the  slow  production  of  PGE  by  the  acti- 
vated macrophage  results  in  a  "shut  off"  of  macrophage  tumoricidal  activity. 

The  potent  inflammatory  and  tumor  promoting  agent,  12-0-tetradecanoylphorbal 
13-acetate  (TPA),  was  found  to  have  diametrically-opposed  functions  on 
peritoneal  macrophage  contact-mediated  tumor  cytotoxicity  and  release  of 
soluble  clonal  proliferation  factor(s)  for  tumor  cells. 

In  vitro  TPA  treatment  of  BALB/c  macrophages  at  1.0  ng/ml  induced  prostaglan- 
din Ep  release  and  morphological  changes  analogous  to  cell  activation.  In 
additTon  conditioned  medium  from  macrophages  pulsed  with  TPA  enhanced  Ml 09 
carcinoma  colony  formation  in  vitro.  Although  purified  macrophage  prepara- 
tions were  not  rendered  tumoricidal  by  TPA  in  vitro,  cytotoxic  macrophages 
were  recovered  from  mice  following  i.p.  treatment  with  TPA  produced  macro- 
phage activating  factor.  The  yery  vieak   tumor  promoting  4-0-methyl-12-0- 
tetradecanoylphorbol  13-acetate  lacked  effects  on  macrophages  at  all  doses 
tested.  The  possibility  exists  that  macrophage  secretions  (e.g.,  prosta- 
glandin Ep,  angiogenesis  stimulating  factor(s),  and  clonal  proliferation 
factor(s)  for  carcinogen-triggered  cells)  may  be  involved  in  the  tumor 
promotion  process. 

The  fetus  during  normal  pregnancy  is  regarded  as  an  intrauterine  transplant 
but  instead  of  the  expected  rejection,  a  parasitic  graft-host  relationship 
is  established.  This  relation  is  similar  to  that  of  an  autologous  tumor 
which  can  circumvent  host  immune  factors  and  grow  progressively.  Since  the 
human  chorionic  gonadotropin  (HCG)  is  considered  an  absolute  requirement 
for  successful  continuation  of  pregnancy  and  since  experimental  evidence 
indicates  that  HCG  is  immunosuppressive,  studies  were  conducted  to  determine 
what  effect  HCG  had  on  natural  killer  cell  tumoricidal  activity. 

The  natural  killer  (NK)  activity  of  an  allogeneic  tumor  system  was  found  to 
be  enhanced  by  the  total  splenic  population  of  either  pregnant  or  normal 
female  BALB/c  mice  treated  with  human  chorionic  gonadotropin  (HCG).  The 
splenic  population  of  the  early  pregnant  (9-10  days)  mice  resulted  in  a 
statistically  significant  increase  in  NK  activity  over  nonpregnant  controls 
at  all  effector/target  ratios  tested.  The  mid  (12-13  days)  and  the  late 
(15-16  days)  pregnant  groups  also  significantly  enhanced  NK  activity  above 
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control  values  at  effector/target  ratios  of  100:1,  50:1  and  25:1.  The  i.v. 
administration  of  carrageenan  into  pregnant  mice  abolished  the  increased  NK 
activity  suggesting  a  role  for  the  macrophage  in  this  system.  HCG  adminis- 
tered to  normal  female  BALB/c  mice  resulted  in  enhanced  NK  activity  similar 
to  that  seen  for  the  pregnant  mice.  This  augmented  NK  activity  does  not 
appear  to  be  affected  by  either  the  number  or  the  timing  of  HCG  doses.  The 
augmentation  of  NK  activitynOf  HCG  treated  mice  was  also  detected  in  a 
syngeneic  system  utilizing   Cr  labeled  Ml 09  tumor  target  cells  and  BALB/c 
effector  cells. 

A  semi -quantitative  in  vitro  assay  was  established  with  human  monocytes, 
derived  from  normal  volunteers  and  several  cancer  patients,  to  determine 
whether  human  monocytes  could  be  activated  to  exert  an  enhanced  tumoricidal 
activity  against  a  human  lymphoma  tumor  cell  line  (Raji  cell).  When  exposed 
to  human  interferon  (fibroblastic)  or  to  MVE  and  BruPel  (both  interferon 
inducers)  an  enhanced  tumoricidal  effect  was  attained.  This  may  be  a 
predictive  model  for  assessing  agents  for  potential  use  as  immunoadjuvants 
in  combined  treatment  of  human  cancer  and  to  assess  the  role  of  interferon 
in  human  tumors. 

MVE,  when  used  as  an  adjuvant  to  LI 210  and  B16  melanoma  tumor  cell  vaccines 
(killed  by  irradiation),  was  found  to  enhance  the  protection  against 
challenge  with  viable  L1210  and  B16  melanoma  cells.  Preliminary  results 
indicate  that  the  increased  protection  is  due  to  the  adjuvants  capacity  to 
enhance  macrophage  processing  of  tumor  antigens  more  rapidly  and  efficiently 
provoking  a  stronger  immunological  response  (T-cell  and  B-cell)  against 
viable  tumor  cell  challenge. 

In  combination  treatment  studies  of  the  murine  lymphocytic  leukemia  tumor 
model,  enhanced  remission  and  an  increase  in  the  percentage  of  long-term 
survivors  were  attained  when  chemotherapy  was  combined  with  Azimexon 
(BM12.531)  and  MVE  treatment. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 

The  multi disciplinary  approach  represented  by  this  project  is  entirely 
directed  towards  the  prevention,  treatment  and  control  of  cancer.  Studies 
with  combined  immunotherapeutic  modalities  have  led  to  a  more  effective 
control  of  neoplasia  without  an  additional  burden  to  the  host  beyond  that 
imposed  by  chemotherapy.  The  advantages  of  such  combined  modes  of  treatment 
are:  (1)  no  additional  cytoreductive  chemotherapy  is  needed  to  maintain 
remission;  (2)  the  immune  competence  of  the  host  is  restored  allowing  host 
immune  mechanisms  to  function  more  effectively;  (3)  maintenance  of  remission 
may  be  obtained  by  intermittent  treatment  with  immunoadjuvants  which  lack 
the  limitations  inherent  with  continuous  cytoreductive  chemotherapy;  (4) 
refractoriness  to  immunoadjuvants,  if  it  does  develop,  can  be  supplemented 
by  additional  chemotherapy  with  the  advantage  that  the  host  is  in  a  better 
physical  condition  to  receive  subsequent  chemotherapy. 
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Experimental  studies  conducted  with  levamisole,  lentinan,  and  azimexon  (BM 
12.531)  in  respect  to  their  immunoadjuvant  effects,  most  efficacious  treat- 
ment regimens,  and  usefulness  in  combined  treatment  modalities,  has  provided 
information  leading  to  the  inclusion  of  these  agents  for  the  treatment  of 
human  breast,  colon  and  rectal  carcinomas,  head  and  neck  tumors,  and  leu- 
kemias.  This  section  is,  and  will  continue,  collaborating  with  participating 
cancer  treatment  centers  requesting  information  concerning  levamisole, 
azimexon,  lentinan  and  other  tested  immunoadjuvants. 

The  ability  of  several  immune  modulators  to  specifically  and  strongly 
augment  host  immunity  when  they  are  used  alone  or  in  concert  with  establish- 
ed cancer  treatment  modalities  is  of  practical  value  in  preventing  and/or 
controlling  cancer.  Basic  research  studies  conducted  with  these  immunoregu- 
latory  agents  are  defining  the  cellular  components  which  are  activated  by 
these  agents  and  the  specificity  of  their  tumoricidal  activity. 

The  ability  of  the  adjuvants  to  specifically  and  strongly  augment  antitumor 
immunity  of  isologous  tumors  after  vaccination  is  of  practical  value.  Of 
particular  significance  would  be  the  finding  that  soluble  tumor  cell  antigens, 
rather  than  irradiated  tumor  cells,  can  be  used  for  vaccination  in  concert 
with  the  chemical  adjuvants.  This  preventive  approach  will  be  applicable 
to  groups  at  high  risk  for  specific  tumor  types. 

Proposed  Course: 

Each  of  the  areas  described  under  Objectives  will  be  pursued.  Emphasis 
will  be  placed  on  quantitative  and  qualitative  studies  in  three  specific 
areas,  i.e.,  immunostimulating  adjuvants,  combined  treatment  modalities, 
and  tumor  vaccine  studies.  The  role  of  immunoadjuvants  in  protracting  the 
remission  period  induced  by  chemotherapy  in  leukemias  and  surgery  in  solid 
tumors  will  be  investigated  in  detail.  Additional  in  vitro  and  in  vivo 
methods  will  be  implemented  to  further  define  the  mechanisms  of  action  of 
the  active  chemical  and  biological  immunostimulators  in  terms  of  T  cell,  B 
cell,  natural  killer  cell  or  macrophage  function. 

Since  the  macrophage  and  natural  killer  cell  are  emerging  as  important  host 
tumoricidal  cells  studies  will  be  continued  in  determining  the  mechanisms 
of  their  enhancement.  In  vivo  studies  will  be  conducted  to  ascertain  the 
most  efficient  method  of  combining  tumor  cytoreductive  therapy  with  agents 
that  protect  and/or  augment  macrophage  and  natural  killer  cell  activity, 
with  the  aim  of  improving  present  cancer  therapeutic  modalities.  Studies 
will  be  pursued  to  assess  the  role  that  prostaglandins  play  in  the  regulation 
of  the  cellular  immune  response.  A  continuing  effort  will  be  made  to 
identify  new  and  more  effective  immune  augmentors  and  define  their  mechanism 
of  action. 
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SUMMARY    OF    WORK    (200   words,  or  , less    -    unjlerline    keywordsj 

The  natural  killer  (NK)  activity  of  ati  al Togeneic  tumor  system  was  found  to 
be  enhanced  by  the  total  splenic  population  of  either  pregnant  or  normal  female 
BALB/c  mice  treated  with  human  chorionic  gonadotropin  (HCG)  over  those  values 
detected  for  the  nonpregnant,  untreated  controls.  The  spTenic  population  of 
the  early  pregnant  (9-10  days)  mice  resulted  in  a  statistically  significant 
increase  in  NK  activity  over  nonpregnant  controls  at  all  effector/target  ratios 
tested.  The  mid  (12-13  days)  and  the  late  (15-16  days)  pregnant  groups  also 
significantly  enhanced  NK  activity  above  control  values  at  effector/target 
ratios  of  100:1,  50:1  and  25:1.  The  i.v.  administration  of  carrageenan  into 
pregnant  mice  abol ished  the  increased  NK  activity  suggesting  a  putative  role 
for  the  macrophage  in  this  system.  HCG  administered  to  normal  female  BALB/c 
mice  resulted  in  enhanced  NK  activity  similar  to  that  seen  for  the  pregnant 
mice.  This  augmented  NK  activity  does  not  appear  to  be  effected  by  either  the 
number  or  timing  of  the  HCG  administration.  The  augmentation  of  NK  activity 
of  HCG-treated  mice  was  also  detected  in  a  syngeneic  system  utilizing   Cr 
labeled  Ml 09  tumor  target  cells  and  BALB/c  effector  cells. 
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Project  Description: 
Objectives: 

1.  By  in  vitro  and  in  vivo  methods,  to  define  which  subpopulation  of 
lymphocytes  or  other  cellular  components  or  soluble  products  are 
responsible  for  responding  to  agents  known  to  modulate  the  hosts' 

immune  system. 

2.  To  select  agents  which  act  as  modulators  (at  both  the  cellular  and 
humoral  level)  of  the  immune  system,  and  test  their  efficacy  as  poten- 
tiators in  vaccine  trials. 

3.  To  elucidate  a  possible  immunologic  mode  of  action  for  immune  modulators 
by  studying  the  in  vivo  and  in  vitro  interactions  of  the  cellular 
components  of  the  tumored  immune  system  with  prostaglandins  and  steroid 

hormones. 

4.  To  study  the  effect  of  in  vivo  irradiation  (both  whole  body  and  organ 
shielding)  on  the  splenic  and  thymic  T  and  B  lymphocytes  of  tumor- 
bearing  animals,  in  order  to  identify  the  suppressed  components  of  the 

tumored  immune  system. 

Methods  Employed: 

A.  Standard  in  vitro  immunologic  methods  will  be  employed  for  the  detection 
of  the  humoral  antibody  response. 

B.  Methods  for  the  study  of  the  cellular  components  of  the  immune  system 
include: 

1.  The  use  of  affinity  columns  to  separate  T  and  B  lymphocytes. 

2.  Blastogenic  experiments  using  specific  T  and  B  cell  mitogens  in 
order  to  determine  the  relative  contribution  of  the  T  or  B  lympho- 
cytes to  the  overall  immune  response. 

3.  Indirect  immunofluorescent  study  using  specific  anti-T  or  anti-B 
serum  to  quantitate  the  relative  amounts  of  T  or  B  lymphocytes 
participating  in  the  immune  response. 

51 

4.  Cr  specific  release  for  the  study  of  cell-mediated  T  or  B  lympho- 
cyte or  macrophage-tumor  cytotoxicity. 

5.  E  rosette  assay. 

6.  EA-rosette  assay. 

7.  Delayed  type  hypersensitivity  reactions. 
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A  recent  technique,  cell  hybridization  of  myeloma  cells  with  immune  lympho- 
cytes has  been  proven  to  be  a  powerful  tool  for  a  constant  source  of  indiv- 
idual antibody  producing  cells.  These  hybrid  cell  lines  (hybridomas)  which 
continuously  secret  antibody  of  a  desired  specificity  can  be  grown  as 
tumors  in  mice  allowing  for  the  isolation  of  large  amounts  of  monoclonal 
antibodies.  We  are  presently  attempting  to  produce  such  monoclonal  anti- 
bodies to  certain  tumor  cell  lines.  Once  monoclonal  antibody  to  a  specific 
tumor  line  has  been  produced  we  will  covalently  attach  this  antibody  to 
affinity  columns  and  purify  tumor  membrane  fragments  bearing  specific 
antigenic  determinants  of  a  particular  tumor  cell.  In  this  manner  small 
oligopeptides  bearing  specific  tumor  antigenic  determinants  can  be  isolated. 
These  small  tumor  fragments  bearing  only  specific  tumor  antigenic  deter- 
minants can  be  used  for  in  vivo  and  in  vitro  studies  to  investigate  both 
humoral  and  cellular  immune  responses  under  tumored  conditions. 

Major  Findings: 

The  splenic  T  and  B  lymphocyte  populations  of  BALB/c  mice  were  determined 
in  Madison  lung  carcinoma  109-bearing  animals.  Concurrently,  some  groups 
of  tumored  mice  were  exposed  to  500  rads  of  whole  body  irradiation  and  were 
treated  with  one  dose  of  pyran.  By  indirect  immunofluorescence,  we  found 
that  the  percentage  of  splenic  T  lymphocytes  was  significantly  depressed  in 
the  tumored  and  irradiated  mice,  Mitogenic  studies  revealed  that  the  T 
lymphocytes  were  more  depressed  in  the  tumored  and  irradiated  mice  than  in 
the  corresponding  nonirradiated  mice.  Pyran  was  relatively  effective  in 
reconstituting  the  T-cell  compartment  of  these  splenic  T  lymphocytes.  The 
B  cell  compartment  of  the  splenic  lymphocytes  of  the  tumored  and  irradiated 
mice  was  found  to  be  extremely  radiosensitive.  Utilizing  a  specific  anti-B 
serum,  no  B  lymphocytes  were  detected  throughout  the  testing  period. 
Blastogenic  studies  using  LPS  as  the  mitogenic  probe  revealed  that  the 
incorporation  of  H-TdR  of  the  tumored  and  irradiated  mice  was  just  slightly 
higher  than  background  values.  Pyran  proved  to  be  relatively  ineffective 
in  reconstituting  the  splenic  B  cells  of  the  tumored  and  irradiated  mice. 

Of  the  several  factors  elevated  in  the  serum  during  prenancy,  human  chorionic 
gonadotropin  (HCG)  has  been  suggested  to  play  either  an  immunosuppressive 
or  an  immunostimulatory  role.  However,  there  is  a  great  deal  of  controversy 
concerning  the  actual  role  of  HCG  on  the  cellular  components  of  the  immune 
system.  Our  studies  demonstrate  a  corollary  between  pregnancy,  HCG  and 
macrophage  tumoricidal  activity.  Peritoneal  exudate  cells  (PEC)  exposed  to 
HCG  in  vitro  were  cytotoxic  to  the  MBL-2  lymphoma  target  cells.  Normal 
male  or  female  mice  treated  with  HCG  yielded  PEC  which  were  also  found  to 
be  cytotoxic  for  tumor  target  cells.  HCG  alone  did  not  possess  this  cyto- 
toxic activity.  PEC  collected  from  pregnant  mice  at  different  stages  of  ; 
gestation  possessed  tumoricidal  activity.  The  PEC  of  the  early  pregnant 
(9-10  days)  mice  resulted  in  a  significant  increase  in  macrophage  tumoricidal 
activity  over  nonpregnant  controls.  The  mid  (12-13  days)  and  the  late  (IS- 
IS days)  pregnant  groups  also  enhanced  macrophage  tumoricidal  activity 
above  control  values.  Macrophage  tumoricidal  activity  was  therefore  greater 
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during  early  pregnancy  and  waned  prior  to  birth.  Since  it  has  been  reported 
that  mice  possess  an  HCG-like  hormone  during  gestation,  the  enhanced  macro- 
phage activity  seen  during  murine  pregnancy  could  possibly  be  ascribed  to 
the  activity  of  this  gonadotropin. 

The  effect  of  BM  12.531  (BM)  treatment  on  normal  or  tumored  mice  v;as  studied 
under  both  in  vitro  and  in  vivo  experimental  conditions.  It  was  found  that 
BM  treatment  of  mice  that  received  500  R  of  whole  body  irradiation  caused  a 
highly  significant  (P  <  0.001)  increase  in  the  prolongation  of  the  mean 
survival  time.  BM  was  found  to  significantly  increase  (P  <  0.01)  the 
delayed-type  hypersensitivity  reaction  of  normal  mice.  BM  treatment  was 
found  to  moderately  increase  both  in  vivo  and  in  vitro  activated  macrophages. 
However,  BM  was  found  to  be  extremely  effective  in  significantly  increasing 
the  mean  survival  times  of  lung  carcinoma-bearing  or  leukemic  mice. 

The  macrophage  cytotoxic  reactivity  is  regulated  by  serum  and  other  factors 
that  suppress  tumor  killing.  We  have  shown  that  prostaglandin  E-,  or  E^  but 
not  Fp  a  reversibly  inhibit  the  tumoricidal  effect  of  interferon- treated 
macrophages.  Hydrocortisone  was  found  to  be  similarly  active  in  suppressing 
macrophage  activity.  These  prostaglandins  and  hydrocortisone  may  be  impor- 
tant in  the  control  of  tumor  growth. 

In  another  series  of  experiments  we  found  that  exogenously  added  prostaglan- 
din (PG)E-|  and  Ep  inhibited  the  tumoricidal  activity  of  interferon-activated 
macrophages  of  mice.  We  feel  that  cAMP  is  important  in  modulating  macro- 
phage activity  because  PGE  increased  intracellular  concentrations  of  cAMP 
in  macrophages  and  because  treatment  of  interferon-activated  macrophages 
with  dibutyryl  cAMP  consistently  inhibited  the  expression  of  cytotoxicity. 
Because  activated  macrophages  release  high  concentrations  of  PGE^  we  feel 
that  PGEp  could  act  locally  in  negative  feedback  inhibition  to  suppress 
cell  growth. 

We  have  previously  shown  that  PGE,  or  PGE^  stimulates  the  in  vitro  blasto- 
genesis  of  splenic  T  and  B  lymphocytes  from  normal  mice  and  inhibits  blasto- 
genesis  of  splenic  lymphocytes  from  tumored  mice.  In  order  to  determine  if 
this  stimulatory  or  inhibitory  action  of  PGs  on  normal  or  tumored  lympho- 
cytes is  a  unique  manifestation  of  this  in  vitro  test,  or  whether  it  is 
more  general  in  nature,  and  can  be  also  detected  in  an  in  vivo  assay  system, 
the  following  set  of  experiments  were  conducted.  We  studied  the  effect  of 
exogenously  added  PGE,  or  E^  on  the  delayed  type  hypersensitivity  reaction 
of  normal  or  tumored  mice.  We  found  that  P6E-,  or  PGE^  generally  caused  a 
stimulation  over  the  control  values  of  normal  mice  as  detected  by  the 
footpad^swelling  assay.  However,  PGE,  or  PGE^  at  all  concentrations  tested 
(1  xlO   to  1  X  10"  M)  were  found  to  significantly  inhibit  the  delayed  type 
hypersensitivity  reaction  of  CD^F,  tumored  mice. 
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Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 

Adjuvants  such  as  BCG  and  Corynebacterium  parvum  have  been  regarded  as 
beneficial  immunopotentiators  when  used  in  combined  modality  treatment  of 
human  cancer.  Chemicals  such  as  levamisole  and  pyran,  if  proven  to  be 
effective  adjuvants,  would  be  beneficial  since  they  would  lack  the  disad- 
vantages that  are  inherent  with  biological  agents  such  as  BCG.  They  can 
be  reproducibly  synthesized,  quantitated,  are  devoid  of  immunogenicity, 
free  of  many  side  effects,  and  can  be  administered  orally.  Basic  immuno- 
logic and  chemical  studies,  both  in  vivo  and  in  vitro  are  being  conducted 
with  selected  active  chemical  agents  in  order  to  attempt  to  elucidate  their 
mechanisms  of  action,  and  to  determine  their  potential  use  in  clinical 
trials. 

Proposed  Course: 

Preliminary  studies  from  this  and  other  laboratories  seem  to  indicate  that 
certain  in  vitro  assays  for  the  detection  of  cellular  immune  responses  are 
exceedingly  difficult  to  standardize  and  reproduce.  Part  of  this  difficulty 
may  be  due  to  the  fact  that  whole  tumor  cells,  and  not  fragments  of  tumor 
cells  bearing  tumor-specific  antigenic  determinants,  are  used  in  these 
assays.  For  this  reason,  it  is  proposed  to  isolate  and  purify  tumor- 
specific  antigens  in  order  to  better  study  the  effect  of  immunopotentiators 
in  modulating  the  immune  system  of  the  host. 

Recent  experimental  data  in  the  field  of  tumor  immunology  suggests  that  as 
a  result  of  the  interaction  of  certain  cellular  components  of  the  immune 
system,  soluble  mediators  are  produced  that  both  inhibit  and  stimulate  the 
immune  reaction.  One  group  of  these  substances,  the  prostaglandins,  has 
been  strongly  implicated  in  the  initiation  of  the  immune  response,  and  we 
have  found  an  increased  production  of  prostaglandin  E  in  the  supernatant  of 
transformed  cells.  It  is  proposed  to  study  what  role  prostaglandins  and 
certain  nucleotides  have  in  the  regulation  of  neoplastic  cellular  growth. 

Studies  will  be  undertaken  to  determine  which  population  of  lymphocytes 
undergo  stimulation  upon  exposure  to  tumor  cells  in  vitro.  It  is  becoming 
more  apparent  that  cell-mediated  tumor  immunity  is  due  to  multiple  factors 
including  T-lymphocytes,  B- lymphocytes,  antibody-dependent  cell-mediated 
cytoxicity,  and  macrophages.  Therefore,  any  attempt  to  study  the  immune 
reactivity  in  a  tumor-bearing  host  should  include  a  study  of:  (a)  the 
contribution  of  each  of  the  cellular  and  soluble  components  of  the  immune 
system,  and,  (b)  the  interactions  of  these  components,  in  order  to  better 
understand  and  consequently  better  control  the  immunoreactivity  of  the 
tumor-bearing  host. 

Publications: 

1.   Stylos,  W.  A.,  Chirigos,  M.  A.,  Papademetriou,  V.,  and  Lauer,  L. :  The 
immunomodulatory  effect  of  BM  12.531  (Azimexon)  on  tumored  mice:  In 
vitro  and  in  vivo  studies.  J.  Immunopharmacol .  1980  (in  press). 
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A  reverse  phase  high  pressure  nquid  chromatographic  technique  was  developed 
for  measuring  uridine  levels  in  serum  and  tissues.  Serum  uridine  levels  were 
determined  in  mice,  rats  and  humans  and  were  found  to  be  species-dependent 
and  to  fall  within  a  relatively  narrow  range.  Serum  uridine  and  total  liver 
uridine  were  determined  in  mice  following  treatment  with  inhibitors  of  the 
de  novo  pyrimidine  biosynthetic  pathway  (PALA,  pyrazofurin,  6-azauridine)  and 
a  stimulator  (D-galactosamine)  of  the  pathway.  Serum  uridine  levels  were 
determined  in  patients  receiving  maximally  tolerated  doses  of  PALA.  Studies 
were  initiated  to  determine  the  source  and  regulator  of  serum  uridine.  An 
isolated  perfused  rat  liver  system  was  used  in  conjunction  with  a  high  pres- 
sure liquid  chromatographic  analysis  of  the  perfusate  to  determine  the  role 
of  the  liver  in  controlling  uridine  concentrations.  Results  from  this  system 
showed  that  the  isolated  rat  liver  can  function  to  control  and  maintain  uri- 
dine concentrations  at  physiologic  levels. 
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Project  Description: 

The  activity  of  certain  antimetabolite  antitumor  agents  Is  the  result  of 
their  action  as  enzyme  Inhibitors.  The  cytotoxic  and  antitumor  effects  of 
these  agents  are  known  to  be  influenced  by  administration  of  the  product  of 
the  inhibited  reaction  or  by  compounds  that  can  circumvent  the  inhibited 
reaction.  For  example,  inhibition  of  the  de  novo  pyrimidine  biosynthetic 
pathway  can  be  overcome  by  administration  of  preformed  pyrimidines  that  can 
be  utilized  via  salvage  pathways.  The  overall  objective  of  this  project  is 
to  determine  if  antitumor  agents  alter  the  availability  (via  the  serum)  of 
endogenous  compounds  that  have  the  potential  of  Influencing  the  toxic 
effects  of  the  agent  at  the  tumor  site. 

Specif leal ly: 

1.  To  determine  if  Inhibitors  of  the  de  novo  pyrimidine  and  purine  bio- 
synthetic pathways  alter  circulating  levels  of  preformed  nucleosides 
that  have  the  potential  of  reversing  the  cytotoxic  effects  of  these 
agents  at  the  tumor  site. 

2.  To  determine  the  mechanism  of  regulation  of  serum  levels  of  pyrimidine 
and  purines  and  if  these  levels  can  be  altered  to  influence  drug 

effect. 

3.  To  determine  if  it  is  necessary  to  inhibit  de  novo  synthesis  in  normal 
donor  organ{s)  simultaneously  with  inhibition  in  tumor  cells  in  order 

to  achieve  an  antitumor  effect. 

4.  To  determine  if  drug-induced  fluctuations  in  serum  levels  of  endogenous 
nucleosides  can  be  used  to  rationally  design  scheduling  and  combinations 
of  drugs  for  maximum  chemotherapeutic  advantage. 

Methods  Employed: 

Usual  biologic,  pharmacologic  and  biochemical  techniques.  Among  these  are 
analytical  techniques  for  quantitating  endogenous  compounds;  Isolated  organ 
perfusion  techniques;  tissue  culture  techniques;  tumor  transplantation  and 
harvesting  of  cells;  enzyme  isolation;  techniques  for  measuring  the  flux 
through  biosynthetic  pathways. 

Major  Findings: 

I.  Studies  on  Endogenous  Levels  of  Serum  Uridine 

The  toxic  effects  of  certain  inhibitors  of  the  de  novo  pyrimidine  biosyn- 
thetic pathway  (e.g.  PALA,  pyrazofurin,  6-azauridine)  can  be  reversed  in^ 
vitro  and  in  vivo  by  uridine,  a  nucleoside  that  can  be  utilized  via  the 
salvage  pathway  to  maintain  the  intracellular  pool  of  pyrimidine  nucleotides. 
Recent  studies  in  our  laboratory  (see  below)  have  shown  that  serum  uridine 
levels  in  humans,  rats  and  mice  are  relatively  constant  for  each  species, 
suggesting  that  a  regulatory  mechanism  exists  in  vivo  for  maintaining  these 
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levels.  The  level  of  circulating  uridine  is  a  reflection  of  both  synthesis 
of  uridine  by  donor  organs  and  the  utilization  of  uridine  by  tissues  via 
their  salvage  pathways.  In  vivo  studies  of  inhibitors  of  the  de  novo 
pyrimidine  biosynthetic  pathway  have  thus  far  neglected  to  take  into  consid- 
eration the  effect  of  such  inhibitors  on  circulating  levels  of  preformed 
pyri mi  dines,  particularly  uridine,  that  have  the  potential  of  reversing  the 
cytotoxic  effects  of  these  agents  at  the  tumor  site. 

A.  Serum  Uridine  Levels  in  Mice,  Rats  and  Humans 

A  reverse  phase  high  pressure  liquid  chromatographic  assay  was  developed 
for  measuring  uridine  in  serum  and  in  tissues.  Human  serum  levels  were  in 
the  range  of  1.9-8.9  nmol/ml,  rat  serum  levels  ranged  from  1.7-4.1  nmol/ml, 
and  mouse  serum  levels  measured  8.0-11.8  nmol/ml.  The  total  liver  uridine 
levels  in  mice  (uridine  plus  uracil  nucleotides  and  uridine  diphosphate 
sugars)  ranged  from  1450-1800  nmol/g.  There  was  some  variation  in  the 
individual  human  and  rat  serum  levels  throughout  the  day,  but  the  values 
were  within  the  normal  range,  and  the  variations  followed  no  set  pattern. 
Withholding  food  from  rats  and  humans  for  16-24  hours  and  from  mice  for  72 
hours  had  no  observable  effect  on  serum  uridine  levels.  These  results 
suggest  that  serum  uridine  levels  are  regulated. 

B.  Serum  Uridine  Levels  in  Patients  Receiving  PALA 

In  conjunction  with  Phase  I  and  continuing  trials  of  PALA,  serum  uridine 
levels  were  measured  in  patients  receiving  maximally  tolerated  doses  of 
PALA  (1000  to  2000  mg/sq  m/day).  For  the  five  patients  studied,  the 
predose  serum  uridine  levels  ranged  from  2.6-6.4  nmol/ml,  well  within  the 
normal  range  of  1.9-8.9  nmol/ml.  All  serum  uridine  levels  decreased  during 
the  first  24  hours  after  the  first  dose  of  PALA,  but  the  fall  was  variable 
(7-65%).  Uridine  levels  in  all  five  patients  remained  below  pre-dose 
levels  with  the  greatest  fall  occurring  at  differing  time  points  and  ranging 
between  37  and  85%.  Only  at  a  few  time  points  did  the  serum  uridine  level 
fall  below  the  previously  determined  normal  value  of  1.9  nmol/ml.  Only  one 
patient  showed  a  consistent  daily  decrease  in  serum  uridine  concentrations 
and  was  also  the  only  patient  to  demonstrate  a  significant  clinical  response 
to  the  drug.  PALA  appears,  therefore,  to  have  only  a  limited  reductive 
effect  on  human  serum  uridine  levels. 

C.  Serum  and  Total  Liver  Uridine  Levels  in  Mice  Treated  with  Inhibitors  and 
Stimulators  of  the  de  novo  Pyrimidine  Biosynthetic  Pathway 

The  effect  of  inhibitors  of  the  de  novo  pyrimidine  biosynthetic  pathway  on 
circulating  uridine  and  total  liver  uridine  (uridine  plus  uracil  nucleo- 
tides and  uridine  diphosphate  sugars)  was  measured  in  mice.  Uridine  is 
known  to  reverse  the  antitumor  and  toxic  effects  of  PALA,  pyrazofurin,  and 
6-azauridine,  and  the  liver  has  been  suggested  as  a  source  of  circulating 
uridine.  Mice  were  given  four  daily  or  one  single  ip  dose  of  PALA  (200 
mg/kg),  pyrazofurin  (10  mg/kg),  or  6-azauridine  (1000  mg/kg).  For  each 
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drug,  results  from  studies  in  which  the  mice  received  four  daily  doses  were 
not  substantially  different  from  studies  in  which  the  mice  received  a 
single  dose.  Liver  and  serum  samples  were  assayed  at  1  to  24,  48,  72  and 
96  hours.  With  PALA,  serum  levels  fell  to  55-65%  of  normal  at  24  hours  and 
remained  depressed;  liver  levels  were  reduced  by  50-60%  from  normal  values. 
Pyrazofurin  produced  a  90-100%  increase  in  serum  uridine  at  4-24  hours, 
after  which  serum  levels  fell  to  slightly  below  normal.  Pyrazofurin  treated 
livers  decreased  30%  at  8-24  hours  with  other  timepoints  being  close  to 
normal.  6-Azauridine  treated  animals  had  uridine  serum  levels  which  varied 
by  50%  or  less  from  normal  values;  however,  liver  levels  increased  by  60% 
at  8-24  hours  and  remained  elevated.  When  PALA  (400  mg/kg,  ip)  was  injected 
daily  for  13  days,  serum  levels  remained  at  30%  of  normal  from  day  9-14. 
The  lack  of  large  effects  by  the  drugs  studied  which  are  known  to  inhibit 
de  novo  synthesis  indicates  that  their  antitumor  effectiveness  is  not 
dependent  upon  their  decreasing  serum  levels  of  preformed  uridine  available 
for  rescue  via  the  salvage  pathway. 

D-Galactosamine  stimulates  de  novo  pyrimidine  synthesis  by  depleting  UTP 
pools  to  form  uridine  diphosphate  amine  sugars.  D-Galactosamine  (2000 
mg/kg,  ip)  caused  serum  uridine  levels  in  mice  to  vary  no  more  than  50% 
from  normal  values  while  total  liver  uridine  increased  four- fold  at  8  hours 
returning  to  normal  by  24-48  hours.  This  result  demonstrates  that  serum 
uridine  levels  are  not  determined  solely  by  the  level  of  de  novo  pyrimidine 
synthesis  in  the  liver. 

II.  Studies  on  the  Source  of  Serum  Uridine 

The  observations  (see  above)  that  serum  uridine  levels  remain  relatively 
constant  and  are  species-specific  indicate  that  a  mechanism  exists  to  regu- 
late these  levels.  Early  reports,  using  indirect  methods,  indicated  that 
the  liver  may  be  the  source  of  preformed  pyrimidine  nucleosides;  however,  a 
more  recent  report  argued  against  the  liver  as  the  source  based  on  the  lack 
of  radioactivity  appearing  in  the  perfusate  of  livers  from  rats  pretreated 
with   C-uridine.  We  repeated  the  latter  experiment  and  found,  also,  that 
no  radioactive  uridine  appears  in  the  perfusate;  an  observation  we  can  now 
attribute  to  isotopic  dilution  by  the  large  tissue  stores  of  uridine. 

Upon  development  of  an  HPLC  assay  for  uridine  (see  above),  the  amount  of 
uridine  released  in  the  perfusate  of  an  isolated  perfused  rat  liver  was 
determined  directly  by  this  technique.  It  was  found  that  the  liver  does 
indeed  release  significant  amounts  of  uridine  into  the  perfusate;  that  the 
liver  can  maintain  uridine  concentrations  in  the  perfusate  similar  to  those 
found  in  rat  sera;  that  a  complex  interrelationship  exists  between  the 
liver  and  erythrocytes  that  influences  the  uridine  concentration  of  the 
perfusate.  Experiments  involving  the  output  of  preformed  uridine  by  the 
liver  demonstrated  that  the  liver  releases  uridine  into  the  circulating 
perfusate  when  the  perfusate  contains  no  uridine.  Conversely,  uridine  is 
removed  from  the  perfusate  if  the  circulating  concentrations  are  adjusted 
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above  that  normally  found  in  rat  serum.   Initially  these  experiments  were 
complicated  by  the  use  of  erythrocytes  as  oxygen  carriers.  The  perfused 
liver  was  found  to  have  a  reduced  activity  in  the  absence  of  any  oxygen 
carrier,  although  it  did  expel  small  amounts  of  uridine  into  the  circulating 
medium.  In  the  presence  of  washed  aged  human  erythrocytes  uridine  was 
liberated  by  the  liver  and  attained  plateau  concentrations  after  approx- 
imately 15  minutes  of  circulation,  at  a  uridine  concentration  close  to  that 
observed  in  rat  serum.  This  indicated  that  the  liver  was  indeed  acting  as 
a  regulatory  mechanism  of  preformed  uridine.  When  fresh  sheep  erythrocytes 
were  used  in  place  of  the  aged  human  erythrocytes,  the  fresh  sheep  erythro- 
cytes were  able  to  remove  uridine  from  the  perfusate  when  incubated  at  37°C 
and  continuously  oxygenated.  This  effect  was  not  an  immunological  reaction 
as  freshly  collected  rat  erythrocytes  also  removed  uridine  from  the  medium, 
and  this  removal  involved  absorption  of  uridine  and  not  a  sim^^e  breakdown 
of  uridine  to  uracil.  When  erythrocytes  were  incubated  with  ,»C-bicarb- 
onate  to  measure  the  flux  through  the  pyrimidine  pathway,  no   C-uridine 
was  produced,  indicating  that  the  erythrocytes  were  not  themselves  a  source 
of  preformed  uridine.  Also,  it  appears  unlikely  that  they  would  salvage 
uridine  because  erythrocytes  were  found  to  be  lacking  the  enzyme  uridine 
kinase  which  catalyzes  the  phosphorylation  of  uridine.  Further  experiments 
are  intended  to  elucidate  the  interrelationship  between  the  liver  and  red 
blood  cells  with  respect  to  preformed  uridine.  As  a  result  of  these  comp- 
lications and  because  of  reduced  activity  of  a  liver  in  the  absence  of  an 
oxygen  carrier,  a  new  approach  was  initiated.  Certain  fluorocarbons  have 
substantial  oxygen  carrying  capacities.  As  an  emulsion  in  isotonic  buffer, 
these  fluorocarbons  have  successfully  replaced  whole  blood  in  animals  for 
long  periods  of  time.  Experimentally,  in  the  liver  perfusion  apparatus, 
the  flurocarbon  emulsion  was  associated  with  slightly  more  oxygen  than 
fully  saturated  whole  blood.  After  a  single  passage  through  the  liver, 
much  of  the  oxygen  associated  with  the  flurocarbon  had  been  removed  for  use 
by  the  liver.  Reoxygenation  was  found  to  be  rapid  and  efficient.  There 
appeared  to  be  little  cytotoxicity  due  to  the  use  of  this  artificial  oxygen 
carrier,  as  assessed  by  the  appearance  of  serum  glutamyl  pyruvic  acid 
transferase  (SGPT)  in  the  perfusate.  Generally  no  SGPT  appeared  until 
after  2  hours  of  perfusion.   In  addition,  uridine  nucleotides  are  stored  in 
high  concentrations  in  the  liver  and  if  circulating  uridine  were  the  result 
of  cellular  breakdown  there  would  be  evidence  of  nucleotides  in  the  effluent, 
which  there  was  not. 

As  the  isolated  perfused  liver  appears  to  exert  some  regulatory  control  on 
uridine  concentrations  circulating  through  it,  further  experiments  are  pro- 
posed to  investigate  the  liver's  role  in  regulating  circulating  performed 
purine  nucleoside  concentrations.   In  addition,  the  effects  of  some  anti- 
metabolites whose  toxicity  is  reduced  by  pyrimidines  will  be  tested  in  this 
system  to  observe  their  effect  on  what  is  apparently  a  major  producer  of 
preformed  pyrimidines.  The  effect  of  a  hepatoma  vn   situ  on  the  output  of 
uridine  by  the  liver  is  also  a  proposed  investigation. 
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Project  Description: 

Methods  Employed: 

Standard  techniques  of  morphological  and  biochemical  analysis  have  been 
employed  in  these  studies. 

Objectives: 

To  follow  morphological  leads  and  use  morphological  and  biochemical  approach- 
es to  investigate  the  mechanisms  by  which  various  antitumor  agents  can 
induce  toxicities.  Such  information  should  be  of  value  in  1)  designing  new, 
less  toxic,  analogs  of  currently  useful  oncolytic  agents,  and,  2)  developing 
clinical  protocols  that  minimize  toxicological  manifestations  of  antitumor 
agents  . 

Major  Findings: 

Cardiotoxicity  of  Adriamycin  (ADR). 

Although  the  major  dose  limiting  acute  toxicity  of  adriamycin  is  myelosup- 
pression,  dose  related  cardiac  toxicity  occurs  with  prolonged  treatment. 
Therefore,  in  spite  of  the  efficacy  of  ADR  in  inducing  remissions  in  a  broad 
range  of  cancers,  it  is  recommended  that  the  drug  be  discontinued  when  the 
cumulative  dosage  reaches  550  mg/sq  m.  Recently,  a  computerized  retrospec- 
tive study  conducted  by  oncologists  in  the  NCI  Clinical  Center  has  shown 
that  the  cut-off  level  is  extremely  arbitrary,  with  some  patients  developing 
cardiotoxicity  at  doses  of  approximately  300  mg/sq  m  while  others  have 
tolerated  over  2,000  mg/sq  m  with  no  significant  cardiotoxicity  becoming 
apparent.  Such  a  broad  range  of  sensitivity  to  ADR  cardiotoxicity,  combined 
with  ADR's  clinical  usefulness,  has  made  it  imperative  to  discover  the 
mechanism(s)  by  which  ADR  produces  myocardial  toxicity.  The  following  three 
studies  are  being  conducted  in  order  to  better  understand  ADR's  mechanism  of 
action  in  producing  cardiotoxicity. 

Isolated  Adult  Rat  Myocytes  as  In  Vitro  Indicators  of  ADR  Cardiotoxicity. 
Several  attempts  have  been  made  by  other  investigators  to  use  in  vitro 
cytotoxicity  test  systems  to  predict  the  relative  cardiotoxicity  of  anthra- 
cyclines,  but  no  one  system  has  proven  to  be  especially  useful.  The  attract- 
iveness of  such  a  system,  in  terms  of  lower  toxicity  testing  costs  and  more 
rapid  testing  of  analogs,  is  readily  apparent,  and  we  have  continued  to 
evaluate  a  new  system  which  appears  to  be  promising  to  date. 

Adult  heart  cells  are  isolated  from  rats  following  a  30  minute  Langendorff 
perfusion  of  the  intact  heart  with  a  buffer  containing  collagenase  and 
hyaluronidase.  The  cell  yields  have  been  very  good,  with  the  viability  of 
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cells  in  the  final  preparation  ranging  from  70  to  90%.  Using  a  Ficoll  gradi- 
ent it  is  possible  to  obtain  fractions  that  contain  single  heart  cells  which 
can  be  observed  with  a  microscope.  Trypan  blue  dye  exclusion  can  be  directly 
observed  as  one  index  of  viability,  and  spontaneous  contraction-"beating"  - 
can  be  observed  as  another.  Depending  upon  the  composition  of  the  buffer 
used  to  resuspend  the  isolated  myocytes,  control  cells  will  "beat"  for 
approximately  70  minutes  on  the  microscope  s],ide  at  room  temperature.  We 
have  exposed  isolated  cells  to  various  oncolytic  drugs  or  agents  known  to  be 
cardiotoxic  in  vivo  to  evaluate  whether  or  not  the  isolated  myocytes  might 
be  useful  in  evaluating  ADR  cardiotoxicity.  Our  preliminary  results  indicate 
that  high  concentrations  of  ADR  (100  ug/ml)  decrease  the  beating  time  of 
cells  to  less  than  5  minutes  (approximately  90%  inhibition),  whereas  more 
dilute  concentrations  of  ADR,  such  as  1.0  ug/ml ,  cause  only  a  15-20%  inhibi- 
tion of  beating  time.  There  is  a  c  x  t  relationship,  and  we  have  been  able 
to  generate  dose-response  curves.  We  have  tested  5-fl  uorouracil  ,  methotrex- 
ate, tetracycline,  and  daunomycin  at  concentrations  equal  to  our  highest 
dose  of  ADR  (approximately  1  x  10"  M),  and  have  found  that  only  adriamycin 
and  daunomycin  affect  the  beating  time  of  the  cells,  and  are  indistinguish- 
able at  the  same  molar  concentrations.  Ten  anthracycl ine  analogs  tested  in 
this  system  have  shown  wide  ranges  of  toxicity.  Although  it  is  not  possible 
to  attribute  the  observed  acute  changes  in  beating  times  of  isolated  myocytes 
to  a  chronic  cardiotoxic  effect  of  ADR  at  present,  the  observed  effects  are 
intriguing,  and  further  studies  may  make  it  possible  to  rapidly  and  inexpen- 
sively evaluate  the  cardiotoxicity  of  anthracycl ine  analogs.  Therefore, 
studies  are  currently  underway  to  attempt  to  establish  the  pharmacological 
basis  of  the  observed  phenomenon,  and  to  develop  a  means  of  automating  the 
evaluation  procedure. 

High  Performance  Liquid  Chromatographic  (HPLC)  Analysis  of  Low  Levels  of  ADR 
in  Biological  Samples.  Investigations  of  the  mechanisms  by  which  ADR  might 
induce  a  delayed  cardiotoxicity  have  often  suffered  from  lack  of  analytical 
data  showing  a  persistence  of  ADR  in  the  hearts  of  animals  developing  the 
cardiotoxicity  several  weeks  after  receiving  the  drug.  Encouraged  by  reports 
that  the  heart  evidently  is  much  slower  to  repair  nuclear  damage  initiated 
by  ADR,  indicating  a  possibility  that  there  may  be  a  persistence  of  drug,  we 
have  attempted  to  develop  a  sensitive  HPLC  method  for  detecting  very   small 
amounts  of  ADR  in  biological  samples.  Using  a  reverse  phase  column  system 
and  a  UV  detector,  we  have  been  able  to  improve  upon  -  by  a  factor  10  -  the 
sensitivity  of  the  spectrofluorometric  assay  system  currently  in  use.  We 
are  currently  evaluating  a  fluorometer  that  can  be  attached  in  line  to  the 
HPLC  in  hopes  of  extending  our  detection  limits  even  further.  The  potential 
advantages  of  the  system  we  are  developing  are  as  follows:  1)  the  HPLC 
column  separates  ADR  from  its  metabolites  so  that  we  can  detect  any  change 
in  the  relative  proportion  of  any  single  metabolite  that  may  persist  in 
tissues  (i.e.,  drug  retained  in  the  heart),  as  contrasted  to  the  spectro- 
fluorometric method  which  reads  total  fluorescence  in  a  sample,  and  2)  we 
can  use  the  HPLC  to  concentrate  a  sample,  thereby  giving  us  a  nondegradati ve 
method  of  analyzing  low  levels  of  drug  in  dilute  solutions.  This  work  is 
still  underway;  it  is  hoped  that  we  will  be  able  to  establish  a  dose-response 
relationship  between  the  persistence  of  a  given  amount  of  ADR  (or  metabolite) 
in  the  heart,  and  the  severity  of  the  observed  cardiomyopathy. 
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Histofluorescence  Localization  of  ADR  in  Tissues  of  the  Rat.  Although  there 
have  been  several  publications  describing  the  histofluorescence  of  ADR  in 
tissue  culture  systems  or  in  acute  animal  studies,  there  have  been  no  defi- 
nitive reports  relative  to  the  persistence  of  histofluorescence  in  the 
hearts  of  animals  treated  with  ADR.  It  would  be  of  use  in  planning  experi- 
ments to  determine  the  cardiotoxic  mechanism  of  action  of  ADR  to  know  if  the 
drug  is  present  within  myocardial  cells  7,  14,  21,  etc.,  days  after  the 
animal  was  treated  with  ADR,  Equally  as  Important,  if  the  drug  persists,  is 
where  the  drug  has  localized.  Subcellular  fractionation  studies  do  not 
precisely  identify  the  distribution  of  a  compound  in  the  Intact  cell,  or  in 
which  cell  types  within  an  organ.  Our  preliminary  results  Indicate  that  ADR 
may  be  selectively  retained  in  endothelial  nuclei  of  capillaries  for  a 
longer  period  than  in  myocardial  cells.  These  studies  will  be  concluded 
shortly. 

Toxicity  of  cis-dichlorodiammineplatinum  II  (cis-DDP). 

cis-DDP  is  an  effective  anticancer  agent  against  embryonic  carcinoma  and 
epidermoid  carcinomas  in  man.  cis-DDP  is  also  associated  with  toxicity  in- 
volving kidney,  intestine,  and  bone  marrow.  To  understand  the  mechanism  of 
toxicity  of  cis-DDP,  we  have  studied  the  cellular  interactions  of  cis-DDP  in 
kidney.  Intestine  and  spleen  based  on  morphological,  biochemical  and  func- 
tional parameters. 
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Subcellular  Localization  of  cis-DDP  in  Kidney.  cis-DDP  is  known  to  interact 
with  DNA,  but  other  subcellular  binding  sites  in  the  renal  tubular  cell  and 
the  mechanism  of  nephrotoxicity  of  cis-DDP  are  not  known.  To  determine 
target  organelles  for  cis-DDP  in  kidney,  rats  were  Injected  ip  with  cis-DDP 
(0.7  mg/  kg).  Platinum  (pt)  assays  on  isolated  subcellular  fractions  showed 
that  a  major  quantity  of  pt  was  in  the  cytosol  ('^  70%).  However,  nuclei  and 
microsomes  each  contained  more  pt/mg  protein  (550  and  500  pg/mg  protein) 
than  cytosol  (420  ug/mg)  at  24  hr.  Mitochondria  and  plasma  membranes  also 
contained  significant  amounts  of  pt  ('^  150  ug/mg  protein,  each)  at  72  hrs. 
When  tissue  pt  concentrations  were  compared  between  the  kidney  and  the 
liver,  the  renal  tissue  accumulated  twice  as  much  pt  as  the  hepatic  tissue, 
and  the  biological  half-life  of  pt  was  longer  in  the  kidney  than  the  liver. 

These  results  corroborate  studies  by  other  investigators  which  suggest  that 
cis-DDP  may  Interact  with  extranuclear  molecules  as  well  as  with  DNA,  and 
that  inhibition  of  specific  enzymes  in  the  cytoplasm  by  cis-DDP  may  contri- 
bute to  the  impairment  of  function  of  renal  tubular  cells,  resulting  in 
nephrotoxicity.  Work  is  underway  to  Identify  these  target  enzymes  or  pro- 
teins in  the  kidney. 

Effects  of  cis-DDP  on  Membrane  Activity  in  Mouse  Spleen  Cells.  One  of  the 
adverse  effects  of  cis-DDP  is  to  deplete  circulating  blood  cells  including 
RBCs  and  lymphocytes.  The  mechanism  of  the  cytotoxic  effect  of  cis-DDP  on 
lymphocytes  is  unknown.  In  order  to  better  understand  functional  changes  in 
lymphocytes,  mouse  spleen  cells  were  isolated  and  exposed  to  cis-DDP  (5-200 
yg/ml)  in  cell  cultures,  and  the  capping  of  membrane  receptors  was  assayed 
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using  fluorescein-labeled  antigens.  Capping  of  surface  immunoglobulin  (SIg) 
was  significantly  inhibited  by  cis-DDP  (200  yg/ml)  in  B-cells  during  6  hrs. 
of  incubation  without  affecting  viability.  The  inhibition  of  SIg  capping 
was  dose-related  up  to  200  pg/ml  cis-DDP. 

Capping  of  con-A  receptors  was  also  inhibited  by  cis-DDP.  Fluorescence 
microscopy  indicated  that  the  binding  of  anti-Ig  or  Con-A  to  spleen  cells 
was  not  affected  by  cis-DDP.  This  suggests  that  cis-DDP  inhibited  the 
movement  of  membrane  receptors,  which  is  essential  for  cap  formation. 

Acute  and  Chronic  Nephropathy  of  cis-DDP.  In  order  to  correlate  nephrotoxic 
effects  of  cis-DDP  with  pathologic  alterations  in  the  kidney  in  acute  and 
chronic  phases  of  treatment,  rats  were  injected  ip  with  a  single  dose  (6 
mg/kg)  or  multiple  doses  (1  mg/kg  twice  weekly)  for  12  weeks.  In  the  acute 
phase,  renal  lesions  were  characterized  by  focal  tubular  necrosis  primarily 
in  the  proximal  tubules.  Lesions  were  most  severe  on  day  7  which  closely 
coincided  with  a  12-fold  increase  in  blood  urea  nitrogen  (BUN)  and  an  11- 
fold  increase  in  serum  creatinine  on  day  5,  biochemical  changes  which  often 
preceed  microscopic  tissue  necrosis.  By  the  end  of  the  second  week,  there 
were  signs  of  tubular  regeneration  without  significant  increases  in  mitotic 
activity.  In  the  chronic  phase,  there  was  generalized  tubular  dilation  in 
the  corticomedullary  region  and  obliteration  of  some  glomeruli  light  micro- 
scopically, and  marked  interstitial  fibrosis  and  thickening  of  the  basement 
membrane  by  electron  microscopy.  Platinum  assays  on  kidney  slices  indicated 
that  the  corticomedullary  region  accumulated  the  highest  concentration  of 
pt,  correlating  with  the  microscopic  evaluation  of  the  time  that  region  was 
most  severely  damaged. 

These  studies  are  continuing  in  order  to  develop  a  molecular  basis  for  the 
pathogenesis  of  the  pt-induced  kidney  lesion. 

Intestinal  Toxicity  of  cis-DDP.  Clinically,  gastrointestinal  toxicity 
(vomiting,  diarrhea^  nausea)  is  an  important  consideration  in  patient  treat- 
ment with  cis-DDP.  However,  quantitation  of  cellular  toxicity  in  the  intes- 
tinal epithelium  and  its  kinetic  parameters  have  not  previously  been  system- 
atically analyzed  after  cis-DDP  administration.  Rats  were  injected  ip  with 
cis-DDP  (5  mg/kg)  and  intestinal  lesions  were  investigated  over  a  period  of 
4  weeks.  cis-DDP  produced  acute  epithelial  necrosis  in  crypts  of  the  small 
intestine  with  the  maximal  lesions  becoming  apparent  by  day  2-3.  Quantita- 
tively, epithelial  damage  was  the  greatest  in  ileum,  followed  by  jejunum, 
caecum,  and  duodenum.  No  apparent  histological  lesions  were  detected  in 
stomach.  Tissue  concentrations  of  platinum  in  the  intestine  were  detectable 
on  day  2,  although  they  were  much  lower  than  those  the  kidney  accumulated  at 
the  same  dose  of  pt.  There  was  active  epithelial  regeneration  beginning  on 
day  3,  and  normal  architecture  of  the  intestine,  including  the  crypts  and 
villi,  was  restored  by  2  weeks. 
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Natural  KillerLymphocytes 

Mechanism  of  Action  of  Tumor  Promoting  Compounds.  Studies  of  the  human 
natural  killer  (NK)  lymphocyte  system  In  our  laboratory  have  shown  blockade 
of  NK  activity  against  tumors  by  phorbol  diester  tumor  promoters.  Of  eleven 
compounds  tested  an  excellent  correlation  has  been  found  between  the  enhance- 
ment of  chemical  carcinogenesis  In  the  mouse  epidermal  system  and  the  block- 
ade of  NK  activity  of  human  lymphocytes.  The  most  potent  tumor  promoter,  12- 
o-tetradecanoyl -phorbol -13-acetate  (TPA),  stimulates  resting  monocytes  to 
suppress  NK  lymphocytes,  possibly  via  superoxide  anions.  Since  NK  lympho- 
cytes are  felt  to  mediate  genetic  resistance  to  bone  marrow  allografts,  as 
well  as  natural  resistance  to  several  hematopoietic  malignancies,  these 
findings  should  be  applicable  to  both  cancer  treatment  and  cancer  prevention. 

The  mechanism  of  action  of  tumor  promoters  has  remained  controversial,  espe- 
cially in  terms  of  molecular  events  in  cells  of  human  origin.  Recently,  we 
have  identified  a  specific  receptor  for  TPA  in  normal  human  peripheral 
mononuclear  cells  and  the  human  erythroleukemia  cell  line  K562.  In  the  case 
of  normal  mononuclear  cells,  the  receptor's  pattern  of  binding  affinity  and 
specificity  for  different  phorbol  analogs  parallels  NK  blocking  as  described 
above.  Specific  receptors  for  foreign  compounds  with  potent  biological 
activity  are  usually  part  of  a  normal  physiologic  mechanism.  The  opiate 
receptor,  for  example,  is  actually  the  receptor  for  the  endorphins,  a  class 
of  oligopeptide  neurotransmitters.  Further  analysis  of  behavior  of  the  TPA 
receptor  in  normal  human  mononuclear  cells  and  tumors  may  Identify  the 
physiologic  mechanism  through  which  tumor  promoters  affect  human  cells.  To 
date  TPA  receptors  have  been  identified  in  chick  embryonic  fibroblasts  and 
cultured  mouse  epidermal  cell  lines  by  other  investigators. 

Cell  Surface  Recognition  Factors.  NK  lymphocytes  recognize  a  family  of  non- 
viral  glycoproteins  on  the  surface  of  tumor  target  cells.  The  cell  surface 
markers  recognized  by  NK  cells  mediating  genetic  resistance  to  bone  marrow 
allografts  are  not  known.  Carbohydrate  moieties  may  be  the  critical  deter- 
minants as  is  the  case  with  blood  group  substances  against  which  naturally 
occurring  humoral  immunity  develops.  The  unusual  genetics  of  the  hemato- 
poietic histoincompatibil ity  (Hh)  locus  in  the  mouse  parallels  the  pattern  of 
blood  group  substances  rather  than  that  of  HLA  or  H-2  antigens.  Preliminary 
studies  in  our  laboratory  have  demonstrated  specific  inhibition  of  NK  activity 
by  the  disaccharide  N ,N-d1acetylglucosamine  (chitobiose) ,  three  mannose-rich 
glycoproteins,  succinyl  concanavalin  A,  and  a  mixture  of  glycosidases. 
Currently,  we  have  adopted  the  tumor  target  line  K562  to  a  serum-free  medium 
to  search  for  shed  surface  antigens  in  large  quantities.   If  successful,  we 
intend  to  raise  rabbit  antisera  against  these  glycoproteins  to  further  probe 
their  structure  and  distribution  on  normal  bone  marrow  cells  as  well  as  on 
tumor  target  cells.  Identification  of  specific  carbohydrate  moieties  in- 
volved in  NK  cell  recognition  of  target  cells  should  allow  manipulation  of 
the  system  with  specific  oligosaccharide  moieties  and  modifiers  of  glycosyla- 
tion. 
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NK  lymphocytes  kill  certain  normal  cells  in  vitro,  including  immature  thymo- 
cytes, numerous  virus-infected  cells,  fetal  fibroblasts,  and  at  least 
suppress  allografted  bone  marrow  cells  in  vivo.  In  order  to  test  whether 
the  critical  determinants  on  hematopoietic  target  cells  are  in  fact  normal 
fetal  differentiation  antigens,  we  are  currently  attempting  to  induce 
erythroid  maturation  of  K562  with  sodium  butyrate.  If  induction  of  differen- 
tiation of  target  cells  reduces  susceptibility  to  NK  lymphocytes,  then 
participation  of  differentiation  antigens  in  recognition  of  target  cells  by 
NK  lymphocytes  may  be  inferred.  We  are  also  testing  the  HL-60  promyelocytic 
tumor  line  for  sensitivity  to  natural  killing  as  it  will  undergo  myeloid 
differentiation  in  response  to  retinoic  acid  and  apparent  monocytoid  differ- 
entiation in  response  to  TPA. 

Interferon  rapidly  activates  NK  lymphocytes  in  vivo  and  in  vitro.  It  is 
most  likely  the  final  common  pathway  for  all  enhancers  of  NK  activity,  which 
include  BCG,  C^.  parvum,  tumor  extracts  and  most  viruses.  The  anti-prol  ifer- 
ative  effect  of  interferon  on  tumors  is  complicated  by  several  facts:  1)  a 
variety  of  tumor  cell  lines  can  induce  production  of  interferon  by  lympho- 
cytes; 2)  NK  cell  activation  probably  potentiates  interferon's  anti-prol ifer- 
ative  effect  in  many  cases  and  may  be  the  prime  mediator  in  some  cases.  The 
fact  that  interferon  induces  resistance  to  NK  activity  on  the  part  of  ordin- 
arily susceptible  non-tumor  host  cells,  such  as  fibroblasts  and  thymocytes, 
suggests  that  interferon  production  and  NK  activation  are  quite  regularly 
involved  in  the  host  response  to  tumors;  and  3)  interferon  can  also  induce 
resistance  to  NK  cell  activity  on  the  part  of  several  tumors,  at  least  some 
of  which  also  induce  interferon  production  by  lymphocytes,  i.e.,  some  tumors 
can  protect  themselves  from  NK  activity  by  inducing  interferon  production  by 
non-NK  lymphocytes. 

Pharmacologic  antagonists  of  interferon  will  be  useful  in  the  dissection  of 
this  set  of  interactions.  We  also  anticipate  a  need  for  agents  which 
selectively  block  and  enhance  different  interferon  activities  to  achieve 
optimal  chemical  use  of  interferon.  We  will  soon  be  testing  the  ability  of 
TPA  and  human  fibroblast  interferon  to  antagonize  each  other's  effects  on  NK 
cell  activation. 

Immunofluorescence  Localization  of  NK  Cells  In  Situ.  An  additional  project 
involving  the  NK  system  is  development  of  an  immunofluorescent  antibody 
technique  for  the  localization  of  NK  cells  in  mouse  tissues.  We  have  obtain- 
ed from  Dr.  William  Seaman  of  the  San  Francisco  V.  A.  Hospital  an  appropriate 
antiserum,  the  specificity  of  which  has  been  verified.  Localization  of  NK 
lymphocytes  in  normal  and  tumor-bearing  tissues  has  not  yet  been  accomplished 
but  will  provide  important  information  concerning  the  basic  biology  of  NK 
lymphocytes . 

Human  Cancer-Identification  of  Critical  Loci 


The  strategy  chosen  to  identify  human  cancer-critical  genetic  loci  consists 
of  evaluation  of  fibroblasts  from  inherited  cancer  syndrome  patients  for 
expression  of  the  transformed  phenotype  in  culture.  Currently,  fibroblasts 
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from  patients  with  the  Basal  Cell  Nevus  Syndrome  arc  being  compared  to  a  set 
of  matched  controls  for  susceptibility  to  transformation  induced  by  12-o- 
tetradecanoyl-phorbol-13-acetate  in  collaboration  with  Dr.  N.  Colburn  of  the 
NCI.  Evaluation  of  basic  proliferative  properties,  and  responses  to  poly- 
peptide growth  factors  and  chemopreventative  agents  are  currently  in  progress, 
A  molecular  marker  for  the  underlying  gene  is  expected  to  emerge  since  the 
syndrome  is  inherited  as  an  autosomal  dominant  trait  which  indicates  the 
presence  of  a  mutant  protein  capable  of  overriding  the  activity  of  the 
normal  gene  product  in  these  patients.  Studies  to  date  have  indicated 
normal  repair  of  DNA  damage  in  these  patients.  Analysis  of  the  functioning 
of  a  specific  genetic  locus  directly  involved  in  malignant  transformation 
will  yield  information  of  value  to  basic  cell  biologists,  tumor  biologists, 
clinical  medical  geneticists  and  cancer  epidemiologists. 

Intraperitoneal  Toxicity  of  Liposome-encapsulated  Adriamycin  Administered  in 
Large  Volumes. 

Adriamycin  in  large  fluid  volumes  is  being  injected  intraperitoneally  for 
treatment  of  intraabdominal  tumors  such  as  ovarian  carcinomas.  Limiting 
factors  of  this  method  include  systemic  toxicity  and  a  local  intense  peri- 
tonitis, both  of  which  are  dose  and  time  dependent.  There  are  several 
reports  regarding  the  use  of  1 iposome-encapsulation  of  anti-tumor  drugs  as  a 
method  for  controlling  and  modifying  their  pharmacokinetics. 

In  collaboration  with  Drs.  Sieber-Fabro  and  Litterst,  we  are   attempting  to 
determine  in  rats  if  encapsulated  adriamycin  in  large  aqueous  volumes  is 
less  toxic  than  the  unencapsulated  adriamycin  presently  being  clinically 
administered  to  humans.  This  problem  is  being  studied  in  two  phases. 

(1)  Liposomes  may  alter  the  toxic  and  therapeutic  levels  by  changing  the 
drug  uptake.  We  are  using  labelled  adriamycin  with  and  without  encap- 

■  sulation  administered  to  rats  intraperitoneally  in  50  cc  of  an  aqueous 
solution.  The  tissue  distribution  of  the  drug  with  both  treatments  is 
being  evaluated. 

(2)  Alterations  in  toxicity  are  being  studied  by  observing  rats  after 
intraperitoneal  treatment  with  drug  in  large  fluid  volumes,  either 
encapsulated  or  unencapsulated.  Parameters  to  be  evaluated  include 
changes  in  body  weight,  gross  lesions  at  necropsy,  and  histopathologic 
alterations. 

Transformation  of  Mouse  Epidermal  Cells  by  TPA 

Cells  in  tissue  culture  are  frequently  used  to  study  the  effects  of  tumor 
promoters  and  anti -tumor  agents,  and  to  elucidate  the  mechanisms  of  these 
agents  and  of  carcinogenesis  itself.  Most  of  the  in  vitro  chemical  carcin- 
ogens and  treatments  are  being  studied  using  animal  and  human  leukocytes  and 
fibroblasts.  The  major  advantage  of  using  mouse  epidermal  cells  is  that 
they  are  epithelial  in  origin,  and  are  especially  relevant  to  many  human 
cancers.  They  have  the  ability  to  differentiate  and  synthesize  keratin 
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proteins  similar  to  those  produced  in  vivo.  They  also  show  biochemical 
reactions  to  carcinogens  and  tumor  promoters  that  are  similar  to  in  vivo 
responses.  Several  laboratories  are  now  using  mouse  epidermal  cells  to 
study  the  effects  of  tumor  promoters  and  carcinogens. 

In  collaboration  with  Dr.  Dion  we  are  looking  at  the  ultrastructural  differ- 
ences between  non-transformed  and  transformed  (by  12-0-tetradecanoylphorbol- 
13-acetate,  TPA)  mouse  epidermal  cells.  The  cells  are  grown  in  monolayer 
cell  cultures  and  fixed  in  situ.  They  are  then  examined  by  transmission 
electron  microscopy  for  changes  in  their  morphologic  growth  and  structural 
characteristics.  Parameters  examined  include  cell  junctions,  attachment 
sites  to  the  substrate,  and  subcelluar  structure  including  the  cytoskeleton. 

Immunocytochemical  Localization  of  Catechol -o-Methyl transferase  (COMT). 

In  addition  to  its  role  in  enzymatically  terminating  the  action  of  adrenergic 
neurohormones,  COMT  is  also  capable  of  metabolizing  catechol  estrogens  and 
catechol  steroids.  A  published  report  that  COMT  activities  are  elevated  in 
breast  tissues  from  women  with  highly  malignant  breast  tumors  was  of  interest 
to  us  since  1)  we  have  an  extremely  specific  rabbit  antibody  against  rat 
liver  COMT,  and  2)  there  have  been  various  reports  of  the  utility  of  estrogen 
receptor  assays  in  predicting  the  likelihood  of  a  specific  breast  cancer 
patient  responding  to  a  particular  therapy.  Morphologically  establishing 
the  identification  of  the  cell  type(s)  that  is  responsible  for  the  high 
levels  of  COMT  in  certain  breast  tumors  is  important  because  it  may  be 
possible  to  use  COMT  as  a  marker  for  a  particular  type  of  tumor  that  may  be 
responsive  to  certain  chemotherapeutic  or  hormonal  agents  which  are  ineffec- 
tive against  other  breast  tumors.  It  is  also  possible  that  such  an  identi- 
fication might  lead  to  the  development  of  a  simple  COMT  plasma  assay  that 
could  be  used  to  monitor  the  progression  of  the  tumor  or  the  success  of  the 
therapy. 

Utilizing  the  peroxidase--antiperoxidase  immunocytochemical  technique,  we 
have  been  able  to  demonstrate  the  localization  of  COMT  in  breast  tissues 
from  control  mice  and  rats.  Such  a  demonstration  is  important  because  it 
establishes  the  cross-reactivity  of  the  rat-determined  antibody  with  COMT  of 
the  mouse,  enabling  us  to  utilize  various  murine  mammary  tumor  lines  to 
investigate  the  relationship  of  breast  COMT  to  breast  cancer. 

We  have  also  determined  the  presence  of  COMT  in  many  other  types  of  human 
tumors.  Such  a  ubiquitous  distribution  was  not  expected  and  we  are  currently 
searching  for  an  irreversible  inhibitor  of  COMT--none  are  currently  recog- 
nized--so  that  we  can  more  fully  evaluate  the  role,  if  any,  of  COMT  in  tumor 
cell  biology. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute  : 

As  stated  in  the  objectives  it  is  our  intent  to  integrate  pharmacological 
and  morphological  data  to  develop  a  better  understanding  of  the  mechanisms 
of  toxicity  of  oncolytic  agents.  The  importance  of  the  use  of  morphological 
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approaches  to  study  toxicology  would  be  difficult  to  overstate.  It  is  often 
the  descriptive  data  that  helps  to  narrow  the  range  of  other  types  of 
investigations  into  certain  phenomena.  Out  of  these  studies  should  come  new 
information  that  will  improve  our  ability  to  chemotherapeutically  treat 
cancer  with  minimal  toxicity. 

An  understanding  of  the  significance  of  "natural  killer"  lymphocytes  and  the 
factors  which  influence  their  function  would  assist  in  unravelling  perplexing 
questions  in  tumor  cell  immunology,  and  may  have  important  clinical  ramifi- 
cations in  the  treatment  of  various  cancers. 

Proposed  Course:  This  has  been  the  first  or  second  year  at  the  NIH  for  all 
of  the  people  in  the  Pathopharmacology  Section.  Those  projects  dealing  with 
anthracycl ine  toxicities  and  platinum  toxicities  will  be  continued,  as  will 
those  dealing  with  "natural  killer"  lymphocytes.  Although  our  primary 
efforts  will  be  devoted  to  mechanistic  studies,  we  will  continue  to  seek  in 
vitro  systems  which  rapidly  and  inexpensively  predict  major  organ  toxicities 
of  compounds  of  major  interest. 
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ANNUAL  REPORT  OF  THE  LABORATORY  OF  MOLECULAR  PHARMACOLOGY 

DEVELOPMENTAL  THERAPEUTICS  PROGRAM 

DIVISION  OF  CANCER  TREATMENT 

October  1,  1979  to  September  30,  1980 

The  Laboratory  of  Molecular  Pharmacology  is  engaged  in  2  areas  of  investi- 
gation:  (1)  studies  of  the  effects  of  DNA-reactive  drugs  in  mammalian  cells 
in  relation  to  cytotoxic  mechanisms,  and  (2)  studies  of  nuclear  proteins  and 
chromatin.   In  both  areas,  new  methodology  has  been  developed  in  this 
Laboratory  and  is  being  applied  to  several  problems. 

The  effects  of  drugs  on  DNA  in  mammalian  cells  are  being  studied  by  means  of 
filter  techniques,  developed  in  this  Laboratory,  for  the  measurement  of  DNA 
single-strand  breaks,  DNA-protein  crosslinks  and  DNA  inter strand  crosslinks. 
The  methods  have  the  sensitivity,  precision  and  convenience  required  for 
meaningful  studies  of  drug  mechanisms  in  cells.   During  the  past  year  it  has 
also  been  found  possible  to  measure  double-strand  breaks  and  alkali-labile 
sites,  so  that  there  are  now  5  classes  of  DNA  lesions  that  can  be  measured  by 
means  of  filter  methods. 

A  major  finding  during  the  past  year  was  the  discovery  of  a  relationship 
between  the  sensitivity  of  human  tumor  cells  to  chloroethylnitrosoureas  and 
the  presence  or  absence  of  a  specific  DNA  repair  defect.   Cells  from 
approximately  30%  of  human  tumors  were  known  to  be  deficient  in  the  ability 
to  remove  0  -methyl-guanine  from  DNA.   On  the  basis  of  our  previous  studies 
of  the  mechanism  of  action  of  chloroethylnitrosoureas,  we  suspected  that  this 
repair  defect  would  affect  the  interstrand  crosslinking  of  DNA  by  these 
drugs.   We  found  that  methylation-repair  deficient  human  tumor  cells,  treated 
with  chloroethylnitrosourea,  formed  much  higher  levels  of  interstrand  cross- 
links than  did  cells  that  retained  this  repair  mechanism.   The  repair 
deficient  cells  also  were  more  sensitive  to  killing  by  this  agent.   Our 
working  hypothesis  is  that  methylation-repair  deficient  cells  accumulate  in 
tissues  with  age  (perhaps  as  a  result  of  somatic  mutations),  and  that  these 
cells  have  a  greatly  increased  probability  of  giving  rise  to  tumors.   The 
naturally  occurring  tumors  that  have  this  defect  could  be  identified  by  DNA 
crosslinking  assays  and  should  be  vulnerable  to  treatment  with  chloroethyl- 
nitrosoureas. 

We  find  however  that  some  chloroethylnitrosoureas,  namely  those  having 
carbamoylating  activity,  seem  to  interfere  with  their  own  potential 
selectivity,  perhaps  by  inhibition  of  a  crucial  step  in  the  DNA  repair 
sequence.   The  exploitation  of  the  potential  ef fectivneess  of  chloroethyl- 
nitrosoureas against  methylation-repair  deficient  human  tumors  may  require 
development  of  a  new  non-carbamoylating  analogue. 

The  methylation-repair  defect  which  confers  sensitivity  to  chloroethyl- 
nitrosoureas, however,  does  not  at  the  same  time  confer  sensitivity  to  other 
DNA  crosslinking  agents,  such  as  cis-platinum. 
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This  work  suggests  that  naturally  occurring  human  tumors  may  have  particular 
defects  in  DNA  repair  that  could  make  them  susceptible  to  treatment  with 
particular  DNA  damaging  agents. 

Another  area  of  investigation  aimed  to  test  the  feasibility  of  DNA  crosslink- 
ing  assays  for  the  prediction  of  drug  sensitivity  to  cis-Pt (II)  and  L- 
phenylalanine  mustard  (L-PAM) .   Three  sensitive/resistant  pairs  of  mouse 
L1210  leukemia  cells  were  studied,  2  pairs  in  vivo  and  1  pair  in  vitro .   Of 
6  cell-pair /drug  comparisons,  5  gave  good  quantitative  agreement  between 
interstrand  crosslinking  and  drug  sensitivity.   The  results  suggest  that  it 
may  be  possible  to  predict  tumor  sensitivity  to  DNA  crosslinking  agents  by 
short-term  in  vitro  assays. 

We  had  previously  found  that  cis^-Pt  (II) -induced  DNA  crosslinks  and  inacti- 
vating lesions  in  phage  A  DNA  could  be  reversed  by  thiourea.   Thiourea  has  a 
strong  avidity  for  Pt(II)  and  is  able  to  dislodge  the  metal  from  the  DNA. 
During  the  past  year,  studies  were  completed  on  the  effect  of  thiourea  in  Pt- 
treated  mammalian  cells.   Although  the  thiourea  concentrations  required  to 
reverse  crosslinks  in  mammalian  cells  could  not  be  achieved,  it  was  possible 
to  block  interstrand  crosslink  formation.   Interstrand  crosslinking  occurs 
in  a  delayed  reaction  following  exposure  to  the  drug.   We  believe  that  the 
delayed  reaction  represents  a  slow  conversion  of  Pt-DNA  monoadducts  to  cross- 
links.  If  cells  are  exposed  to  cis-Pt (II)  and  then,  after  removal  of  this 
drug,  are  exposed  to  thiourea,  the  delayed  formation  of  interstrand  cross- 
links is  blocked.   Concurrently,  cell  survival  is  enhanced.   Thus  thiourea 
has  the  ability  to  rescue  cells  from  the  lethal  effects  of  cis-Pt  induced 
crosslinks,  provided  that  the  thiourea  is  added  before  the  second-arm 
reaction  (which  forms  the  crosslink)  is  completed. 

Further  studies  were  carried  out  on  the  peculiar  effect  of  intercalating 
agents  on  DNA  in  mammalian  cells.   This  effect,  which  was  discovered  in  this 
Laboratory,  is  characterized  by  DNA-protein  crosslinks  associated  with  DNA 
strand  breaks.   Our  working  hypothesis  is  that  the  DNA-linked  protein  is  an 
enzyme,  perhaps  a  topoisomerase,  that  induces  the  strand  break  as  a 
response  to  DNA  torsion  resulting  from  intercalation  events.   We  have  now 
added  2  new  drugs  —  m-AMSA  and  mitoxantrone  (a  dihydroxyanthracenedione)  — 
to  the  list  of  intercalators  that  produce  these  DNA  effects,  m-AMSA  was  found 
to  be  in  the  low  toxicity  class,  like  ellipticine,  and  mitoxantrone  was  in 
the  high  toxicity  class,  like  adriamycin.  Studies  are  in  progress  on  the 
effects  of  topoisomerase  inhibitors  and  on  the  characteristics  of  the  effect 
in  cell-free  systems. 

In  the  nuclear  protein  area,  improved  techniques  developed  in  this  Laboratory 
were  utilized  to  resolve  these  proteins  by  gel  electrophoresis.   The  new 
techniques  allow  purification  of  proteins  by  successive  electrophoresis  in 
gels  of  different  properties  without  recovering  the  protein  after  each  gel. 
It  was  also  possible  to  analyze  histones  after  direct  extraction  from 
tissues.   During  the  current  year,  a  new  peptide  mapping  technique  was 
developed  which  permits  quantitative  analysis  of  individual  proteins  derived 
from  gels. 
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Utilizing  these  techniques,  2  new  variant  forms  of  the  histone,  H2A,  were 
discovered.   The  2  new  variants  differ  more  extensively  from  the  previously 
known  H2A  variants  than  these  previous  variants  do  from  each  other.   The 
peptide  similarities  and  differences  between  the  new  and  the  old  variants 
were  determined  using  the  newly  developed  method.   The  modification 
patterns  of  the  new  variants  —  i.e.,  acetylation,  phosphorylation  and 
ubiquitination  —  were  also  characterized.   The  new  variants  were  consist- 
ently found  as  minor  constituents  in  the  chromatin  of  all  species  and  tissues 
examined  from  human  to  sea  urchin. 

Ubiquitin  adducts  of  the  new  and  old  H2A  variants  and  of  H2B  have  been 
identified.   Ubiquitin  is  a  protein  that  becomes  covalently  linked  to  these 
histone  species.   Its  presence  and  behavior  were  studied  by  virtue  of  its 
characteristic  peptides.   The  metabolism  of  the  ubiquitin  component  was  found 
to  be  distinct  from  that  of  the  histones.   Thus  when  histone  synthesis  was 
inhibited  as  a  consequence  of  DNA  synthesis  inhibition,  the  synthesis  and 
addition  of  the  ubiquitin  component  to  histones  was  not  inhibited.   The 
metabolism  of  the  ubiquitin  component  during  the  cell  cycle  is  under  study. 

It  was  possible  to  optimize  the  electrophoretic  separations  so  as  to  resolve 
acetylated  and  phosphorylated  forms  of  histones.   Previous  methods  could  not 
clearly  separate  these  2  types  of  histone  modification.   Peptide  analyses 
of  the  isolated  modified  forms  permitted  the  determination  of  exactly  which 
sites  are  modified.   These  results  provide  the  groundwork  for  a  more  detailed 
analysis  of  histone  metabolism  than  has  heretofore  been  possible. 


629 


:SMITHSONIAN  SCIENCE  INFORMATION  EXCHANGE     U.S.  DEPARTMciJT  OF 
PROJECT  NUMBER  (Oo  NOT  use  this  space)   HEALTH,  EOUCATIOI.,  AND  /JELFARt 

I     PUBLIC  HEALTH  lERVICE 
NOTICE  OF 
INTRAMURAL  RESEARCH  PROJECT 


PROJECT  .'.UMBlR 

ZOl    CM   06112-10   LMPH 


PERIOD    COVERED 


October  1,  1979  to  September  30,  1980 


TITLE  OF  PROJECT  (80  characters  or  less) 

Effects  of  Chemotherapeutic  Agents  on  DNA 


NAMES,  LABORATORY  AND  INSTITUTE  AFFILIATIONS,  AND  TITLES  OF  PRINCIPAL  INVESTIGATORS  AND  ALL  OTHER 
PROFESSIONAL  PERSONNEL  ENGAGED  ON  THE  PROJECT 


PI:   Kurt  W.  Kohn 

Leonard  C.  Erickson 
Leonard  A.  Zwelling 
Jonathan  M.  Ducore 
Jan  F.  Filipski 
Guy  Laurent 


Chief 

Cancer  Expert 
Cancer  Expert 
Sr.  Staff  Fellow 
Visiting  Scientist 
Visiting  Fellow 


LMPH 

NCI 

LMPH 

NCI 

LMPH 

NCI 

LMPH 

NCI 

LMPH 

NCI 

LMPH 

NCI 

COOPERATING  UNITS  (if  any) 


Laboratory  of  Chemical  Pharmacology,  DTP,  DCT,  NCI 
Pediatric  Oncology  Branch,  DTP,  DCT,  NCI 


labZbR(5NCH  ^  jr  x*  1        T        TIL.  1 

Laboratory  of  Molecular   Pharmacology 


INSTITUTE  AND  LOCATION 

NCI,  NIH,  Bethesda,  Maryland  20205 


TOTAL  MANYEARS: 


7.7 


PROFESSIONAL: 


4.7 


3.0 


CHECK  APPROPRIATE  BOX(ES) 
D  (a)   HUMAN  SUBJECTS 

D  (al)  MINORS   D  (a2)  INTERVIEWS 


[J  (b)  HUMAN  TISSUES 


D  (c)  NEITHER 


SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords)  '■ 

The  effects  of  DNA-reactive  drugs  on  DNA  in  mammalian  cells  is  being  charac- 
terized and  related  to  cytotoxic  mechanisms.   Alkaline  elution  methods  are  being 
utilized  to  measure  DNA  strand  breaks,  DNA-protein  crosslinks,  interstrand 
crosslinks  and  alkali-labile  sites.   The  production  of  interstrand  crosslinks  by; 
chloroe thy Initro sour eas  in  human  tumor  cells  was  found  to  depend  on  a  ! 

deficiency  in  certain  cells  in  the  capacity  for  DNA  methylation  repair.  This  ; 
deficiency  enhanced  the  cytotoxic  sensitivity  of  these  cells.  Mouse  leukemia  i 
L1210  lines  sensitive  or  resistant  to  cis-Pt (II)  or  melphalan  were  compared.     ; 


Sensitivity  correlated  with  the  extent  of  interstrand  crosslinking  by  these 
drugs.   Sensitivity  in  mice  correlated  with  crosslinking  in  vitro.   The  DNA 
Intercalating  agents,  m-AMSA  and  mitoxanthrone,  were  found  to  produce  protein- 
associated  DNA  strand  breaks,  but  the  extent  of  this  effect  produced  by  the  2 
drugs  did  not  correlate  with  cytotoxicity. 


PHS-6040 
(Rev.    10-76) 


£3rL_ 


ZOl  CM  06112-10  LMPH 
Project  Description: 
Objectives: 

(1)  Develop  sensitive  methods  for  measurement  of  DNA  lesions  in  mammalian 
cells  treated  with  pharmacologically  reasonable  doses  of  DNA  damaging  agents. 

(2)  Determine  the  types  of  DNA  lesions  that  are  produced  by  various  agents 
and  the  kinetics  of  lesion  formation  and  removal.   Examine  interferance  with 
lesion  removal  by  agents  which  may  be  repair  inhibitors. 

(3)  Search  for  relationships  between  DNA  lesions  and  cytotoxicity  by 
comparing  the  effects  of  various  agents  on  various  cell  types. 

(4)  Follow  up  mechanistic  leads  that  may  emerge. 

(5)  Provide  conceptual  and  experimental  foundations  for  possible  appli- 
cations to: 

a)  development  of  improved  chemotherapeutic  agents  or  strategems 

b)  development  of  predictive  drug  sensitivity  testing  of  individual 
tumors 

c)  development  of  methods  for  carcinogen  screening 
Methods  Employed : 

(1)  Cell  culture  of  various  rodent  and  human  cell  lines — treatment  with 
chemical  agents  in  vitro;  radioactive  labeling  of  macromolecules. 

(2)  DNA  damage  analysis  by  filter  elution  methods  developed  in  this 
laboratory. 

(3)  X-irradiation  of  cell  cultures. 

(4)  Preparative  and  analytical  ultracentrifugation. 

(5)  Measurement  of  DNA  single-strand  length  distributions  by  alkaline 
sucrose  gradient  sedimentation. 

Major  Findings: 

1)   Sensitivity  of  Human  Tumor  Cells  to  Chloroethylnitrosoureas :   Dependence 
on  A  DNA  Repair  Deficit. 

a)   Background . 

Our  previous  work  had  indicated  that  chloroethylnitrosoureas  react  with  DNA 
in  a  2-step  mechanism  to  produce  inter strand  crosslinks.   The  first  step  is 
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thought  to  be  a  chloroethylation,  perhaps  at  the  guanine-0  position, 
yielding  a  DNA  monoadduct.  The  second  step  is  a  delayed  conversion  of  these 
monoadducts  to  interstrand  crosslinks,  and  was  demonstrated  both  in  purified 
DNA  and  in  mammalian  cells.  Our  findings  suggested  that  normal  human  embryo 
cells  remove  these  monoadducts,  whereas  a  transformed  cell  line  does  not,  or 
does  so  incompletely.  This  difference  correlated  with  a  difference  in 
cytotoxic  sensitivity  of  these  2  cell  types  to  chloroethylnitrosoureas. 

At  the  same  time.  Dr.  Rufus  Day  of  the  Chemistry  Branch,  DCCP,  was  studying 
the  ability  of  various  human  tumor  cell  lines  to  repair  DNA  damage  in  adeno- 
virus treated  with  methylating  agents  such  as  methylnitrosourea.   The  cell 
lines  studied  fell  into  2  groups  differing  in  ability  to  plaque  methylated 
adenoviruses.   Those  cells  exhibiting  high  plague  survival  were  assumed  to 
contain  a  DNA  methylation  repair  function,  designated  Mer  ,  capable  of  remov- 
ing alkylated  bases.   This  was  confirmed  by  the  finding  that  such  cells  had  a 
high  capacity  to  remove  0  -methylguanine  from  their  DNA. 

We  posed  the  hypothesis  that  the  Mer   function  also  removes  chloroethyl 
monoadducts  and  would  prevent  interstrand  crosslinking  and  cytotoxicity. 

b)   Results. 

This  hypothesis  was  tested  by  comparing  several  human  cell  types  of  Mer  or 
Mer   phenotype  for  their  response  to  chloroethylnitrosourea.   According  to 
the  hypothesis,  Mer   cells  should  show  less  interstrand  crosslinking  and  less 
cytotoxicity  than  Mer   cells.   The  cells  tested  included  11  human  tumor  cell 
lines  (6  Mer   and  5  Mer  ),  a  normal  human  embryo  cell  strain  ^IMR-90) 
(Mer  ),  and  a  transformed  human  embryo  cell  line  (VA-13)  (Mer  ). 

Each  cell  type  was  tested  for  interstrand  crosslinking  in  at  least  3  indepen- 
dent experiments.   Five  of  the  Mer   cell  types  showed  clearly  low  interstrand 
crosslinking,  and  5  of  the  Mer   cell  types  showed  clearly  high  values  with  ^o 
overlap  in  the  range  of  values  obtained.   The  remaining  3  cell  lines  (2  Mer 
and  1  Mer~)  yielded  intermediate  values.   The  results  indicate  that  the  DNA 
methylation  repair  system  in  human  cells  also  functions  to  prevent  inter- 
strand crosslinking  by  chloroethylnitrosourea. 

Each  cell  type  was  also  tested  for  DNA-protein  crosslinking.   With  respect  to 
this  DNA  lesion,  there  was  no  significant  difference  between  Mer   and  Mer 
cells.   This  excludes  the  possibility  that  the  Mer   and  Mer   cells  differ 
with  respect  to  uptake  or  intracellular  inactivation  of  chloroethylnitroso- 
urea. 

The  data  can  be  analyzed  by  using  DNA-protein  crosslinking  as  an  index  of  the 
extent  of  drug  reaction  in  the  cells  in  each  experiment.   When  DNA  inter- 
strand crosslinking  was  thus  plotted  against  DNA-protein  crosslinking,  12  of 
the  13  cell  types  examined  fell  into  place  according  to  whether  they  were 
Mer   or  Mer  .   There  was  only  one  exception:   a  Mer   strain  that  crosslinked 
like  the  Mer  group.   The  reason  for  this  discrepancy  is  under  study. 
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The  cytotoxic  sensitivity  of  each  cell  type  was  measured  by  the  effects  of  a 
1-hr  exposure  to  chloroethylnitrosourea  on  the  extent  of  cell  proliferation 
over  a  3-day  period.   The  5  cell  types,  all  of  them  Mer  ,  that  showed  clearly 
low  interstrand  crosslinking  were  all  less  affected  than  any  of  the  other 
cell  types.   Thus  there  was  an  excellent  correlation  between  cytotoxic 
sensitivity  and  interstrand  crosslinking. 

The  significance  of  interstrand  crosslinking  is  highlighted  by  the  lack  of 
correlation  between  cytotoxic  sensitivity  and  DNA-protein  crosslinking. 

The  susceptibility  to  chloroethylnitrosoureas  however  does  not  necessarily 
carry  over  to  other  crosslinking  agents.   This  was  shown  in  a  study  of  the 
effects  of  cis-Pt(II)diamminedichloride  on  the  normal  (IMR-90)  and  trans- 
formed (VA-13)  human  embryo  cells.   Contrary  to  the  case  of  the  chloroethyl- 
nitrosoureas, cis-Pt (II)  had  greater  cytotoxic  potency  against  IMR-90  than 
VA-13  cells.   Interstrand  crosslinking  by  cis-Pt  (II)  correlated  with  cyto- 
toxicity, and  was  also  greater  in  IMR-90  than  VA-13  cells.   Again  DNA-protein 
crosslinking  was  similar  in  the  2  cell  types.   Thus  the  correlation  between 
cytotoxicity  and  interstrand  crosslinking  was  preserved  although  the  relative 
sensitivity  of  the  2  cell  types  was  reversed.   Apparently  the  methylation 
repair  system  that  affects  crosslinking  by  chloroethylnitrosoureas  does  not 
act  on  cis-Pt (II)  adducts  of  DNA. 

The  greater  cytotoxic  sensitivity  and  susceptibility  to  interstrand  cross- 
linking  of  VA-13  relative  to  IMR-90  cells  was  observed  with  BCNU,  CCNU, 
chloroethylnitrosourea,  chlorozotocin,  and  cis-2-hydroxy-CCNU .   The  first  2 
of  these  analogues  have  strong  carbamoylating  activities  whereas  the  last  3 
lack  this  activity.   Carbamoylating  activity  had  previously  been  found  to 
interfere  with  one  or  more  DNA  repair  steps  involved  in  the  rejoining  of  DNA 
strand  breaks.   All  of  the  above  analogues  produced  comparable  extents  of 
interstrand  crosslinking  in  VA-13  cells,  but  little  or  none  in  IMR-90  cells. 
All  of  them  also  were  more  cytotoxic  to  VA-13  cells  than  to  IMR-90  cells. 
The  magnitude  of  this  difference  however  was  much  greater  in  the  non- 
carbamoylating  than  in  the  strongly  carbamoylating  compounds.   The  results 
suggest  the  possibility  that  the  carbamoylation  may  interfere  with  the  full 
function  of  the  Mer   system,  perhaps  by  inhibiting  strand  rejoining  following 
excision  of  guanine-0  monoadducts. 

c)   Significance. 

These  findings  may  have  practical  as  well  as  theoretical  implications. 

A  substantial  proportion  (perhaps  one-third,  according  to  Rufus  Day)  of 
naturally  occurring  human  tumors  appear  to  have  a  defect  in  the  ability  to 
repair  DNA  guanine-0  methylation.   Our  findings  indicate  that  this  defect 
enhances  DNA  interstrand  crosslinking  by  chloroethylnitrosoureas  and 
increases  the  sensitivity  of  cells  to  the  cytotoxic  action  of  these  drugs. 
By  means  of  interstrand  crosslink  measurements,  it  was  possible  to  identify 
the  human  tumor  cell  types  that  are  susceptible  to  chloroethylnitrosourea. 
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Our  findings  however  also  suggest  that  the  commonly  used  nitrosoureas,  BCNU 
and  CCNU,  may  interfere  with  their  intrinsic  selectivity  against  potentially 
susceptible  tumor  cells,  because  of  carbamoylation  activity.   A  non- 
carbamoylating  nitrosourea,  such  as  cis-2-hydroxy-CCNU ,  would  retain  the 
selectivity  potential. 

2)   Effects  of  Cis-Pt(Il)  and  L-PAM  on  Sensitive  and  Resistant  L1210  Cell 
Lines  In  Vitro  and  In  Vivo. 


This  study  aimed  to  explore  (1)  the  relationship  between  DNA  crosslinking  and 
modes  of  resistance  in  mouse  leukemia  L1210  cells,  and  (2)  the  possibility  of 
predicting  in  vivo  sensitivity  by  short-term  in  vitro  tests. 

Three  sensitive-resistant  pairs  of  cells  were  studied  using  2  DNA  crosslink- 
ing agents,  cis-Pt (II)  and  L-PAM.   These  2  agents  were  selected  because  they 
are  chemically  very  different  and  yet  produce  similar  DNA  effects  in  L1210 
cells,  i.e.  DNA-protein  crosslinks,  delayed  interstrand  crosslinks  and  no 
detectable  strand  breaks. 

a)   In  vitro  studies. 


The  first  cell  pair  consisted  of  (1)  a  line  (ZCR9)  that  we  selected  in  vitro 
for  cis-Pt(II)  resistance  and  (2)  its  parent  L1210  line  (K25).   Both  are 
cloned  cell  lines  that  have  been  maintained  in  culture.   Cytotoxicity 
differences  were.quantitated  by  growth  assays  and  by  cloning  in  soft  agar. 
Interstrand  crosslinking,  measured  by  alkaline  elution,  peaked  6  hrs  after 
drug  exposure  and  was  determined  as  a  function  of  drug  concentration  at  this 
time.   The  DNA-protein  crosslinking  to  interstrand  crosslinking  ratio  was 
highest  immediately  after  the  1  hr  drug  exposures.   Hence  this  time  point  was 
used  to  quantitate  DNA-protein  crosslinking  as  a  function  of  drug  concen- 
tration.  These  procedures  yielded  reliable  estimates  of  the  drug 
concentration  ratios  producing  equal  effects  on  the  2  cell  types.   Excellent 
quantitative  agreement  was  obtained  in  the  case  of  cis-Pt (II)  for  colony 
survival,  growth  inhibition,  interstrand  crosslinking  and  DNA-protein  cross- 
linking.   This  type  of  outcome  is  consistent  with  a  defect  in  cis-Pt (II) 
uptake  by  the  ZCR9  line.   Preliminary  measurements  of  Pt  uptake  by  atomic 
absorption  spectroscopy  support  this  possibility.   The  findings  validate  the 
methodology  for  quantitative  comparisons  between  cytotoxicity  and  DNA 
crosslinking. 

Reduced  uptake  of  cis-Pt (II)  by  the  ZCR9  line  however  would  not  explain  the 
observed  resistance  to  L-PAM,  since  the  2  compounds  are  very  different  and 
unlikely  to  be  transported  into  cells  by  the  same  mechanism.   Furthermore, 
L-PAM  gave  agreement  between  cytotoxicity  and  interstrand  crosslinking,  but 
not  with  DNA-protein  crosslinking,  which  was  essentially  the  same  as  in  the 
parent  line.   It  seems  that  more  than  one  mechanism  of  resistance  may  exist 
in  the  ZCR9  line.   This  is  entirely  possible,  because  the  line  was  obtained 
by  multiple  cycles  of  mutagenic  treatment  and  selection  for  cis-Pt  (II) 
resistance. 
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This  study  gives  us  the  background  needed  to  compare  in  vitro  selected 
resistant  cell  lines  for  differences  in  resistance  mechanism.   We  are 
maintaining  close  contact  with  Drs.  D.  Vistica  and  M.  Rabinovitz  of  the 
Laboratory  of  Medicinal  Chemistry  and  Biology,  whose  work  on  melphalan 
transport  and  intracellular  thiols  will  permit  us  jointly  to  study  a  variety 
of  resistance  mechanisms. 

b)   In  vivo  -  In  vitro  studies. 


This  project  was  then  extended  to  comparisons  between  sensitive  and  resistant 
L1210  tumors  in  mice,  as  a  test  of  the  possibility  of  relating  in  vitro 
findings  with  in  vivo  results.   Although  these  mouse  ascites  leukemias  are 
not  necessarily  representative  of  any  human  neoplasm,  they  served  as 
favorable  systems  for  an  initial  test  of  the  use  of  short-term  in  vitro 
assays  for  prediction  of  in  vivo  sensitivity. 

Ascites  cells  were  removed  from  tumor-bearing  mice,  and  grown  in  culture  for 
2-3  days.   The  cells  were  labeled  with   C-thymidine,  exposed  to  drug  and 
analysed  by  alkaline  elution.   A  cis^-Pt (II) -resistant  line  (L1210/PDD)  and 
its  parent  tumor  line  were  obtained  from  Dr.  J.  Burchenal,  and  an  L-PAM- 
resistant  line  together  with  its  parent  tumor  line  were  obtained  from  Dr.  F. 
Schabel.   The  in  vivo  sensitivities  of  the  tumors  of  the  2  drugs  were  checked 
and  found  to  be  as  expected. 

The  L1210/PDD  line,  which  was  resistant  to  cis-Pt(II)  but  sensitive  to  L-PAM, 
exhibited  DNA  effects  that  conformed  with  this  sensitivity  pattern.   Cis-Pt 
(II)  produced  very  little  interstrand  or  DNA-protein  crosslinking  in  L1210/ 
PDD,  but  L-PAM  produced  approximately  the  same  extents  of  crosslinking  in 
L1210/PDD  as  in  the  parent  line. 

The  L1210/PAM  line  was  resistant  to  L-PAM  and  markedly  cross-resistant  to 
cis-Pt (II) .   As  expected,  L-PAM  produced  significantly  less  DNA  crosslinking 
(of  both  types)  than  did  its  parent  line. 

Up  to  this  point,  sensitivity  differences  were  always  reflected  by  inter- 
strand crosslinking  differences.   The  resistance  of  L1210/PAM  to  cis-Pt (II) 
however  gave  us  an  exception.   Although  markedly  resistant,  this  line  showed 
60-70%  as  much  DNA  crosslinking  (of  both  types)  following  cis-Pt (II)  as  did 
its  parent  line.   We  believe  that  studies  of  discrepancies  between  sensi- 
tivity and  DNA  crosslinking  will  be  of  interest  in  regard  to  understanding 
the  mechanisms  of  action  of  these  drugs. 

We  first  tested  a  "trival"  explanation  for  the  discrepancy.   Since  L1210/PAM 
was  selected  for  resistance  to  L-PAM,  it  may  be  heterogeneous  with  respect  to 
resistance  to  cis-Pt (II) ,  i.e.  it  may  consist  of  a  mixed  population  of  cells, 
most  of  which  are  sensitive  to  cis-Pt (II)  but  some  of  which  are  markedly 
cross-resistant.   The  sensitive  cells  might  have  dominated  the  DNA  measure- 
ments, whereas  the  cross-resistant  cells  might  determine  the  prolongation  of 
life-span  in  mice.   Therefore,  mice  bearing  the  L1210/PAM  tumor  were  treated 
with  cis-Pt (II)  in  order  to  reduce  the  hypothesized  sensitive  component  of 
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the  cell  population  relative  to  the  hypothesized  cross-resistant  component. 
Repeat  of  the  DNA  crosslinking  measurements  however  gave  the  same  results  as 
before.   Secondly,  we  have  isolated  cloned  cell  lines  from  the  L1210/PAM 
tumor  in  order  to  study  them  in  vitro.   One  pair  of  cloned  lines  has  so  far 
been  studied,  and  has  given  results  essentially  similar  to  the  In  vivo 
results.   Further  studies  of  resistance  mechanisms  will  be  conducted  on 
cloned  cell  lines  such  as  these. 

3)   Effects  of  Cis-Pt(II)  and  L-PAM  in  Burkitt's  Li^phoma  Cells. 

Several  lines  of  Burkitt's  lymphoma  cells  were  obtained  from  the  Pediatric 
Oncology  Branch.   The  lines  were  uncloned  cell  populations  that  had  been 
obtained  from  patients  and  adaptated  to  growth  in  culture.   Ten  such  lines 
were  screened,  and  3  lines  were  selected  for  further  study  on  the  basis  of 
ability  to  form  colonies  in  soft  agar  and  on  the  basis  of  differences  in 
sensitivity  to  cis-Pt(II)  and  L-PAM. 

The  first  2  lines  studied  showed  excellent  correlation  between  sensitivity 
and  DNA  crosslinking.   Line  W-1  was  3-4  times  as  sensitive  as  line  BHM  to 
cis-Pt(IX)  and  also  showed  3-4  times  as  much  DNA  crosslinking  (both  types). 
In  response  to  L-PAM  the  relative  sensitivity  and  DNA  crosslinking  were  both 
reversed. 

The  third  line,  WS,  however  gave  anomalous  results  in  response  to  cis-Pt (II) 
and  presented  us  with  a  complex  problem.   Although  line  WS  was  approximately 
as  sensitive  as  line  W-1,  DNA  crosslinking  (both  types)  was  nearly  as  low 
as  in  line  BHM.   During  the  course  of  this  work,  however,  line  WS  changed  in 
character  and  exhibited  decreased  sensitivity.   Furthermore,  a  cloned  line 
previously  derived  from  WS  showed  both  high  sensitivity  and  high  levels  of 
crosslinking.   We  therefore  went  back  to  the  frozen  cell  bank  of  the 
Pediatric  Oncology  Branch  and  obtained  early  passage  cells  derived  from  the 
same  patient.   These  cells,  which  we  designate  WSA,  however,  exhibited  very 
low  cloning  efficiency  in  soft  agar.   Nevertheless,  the  cells  showed  the  same 
sensitivity  to  cis-Pt(II)  in  cell  growth  assays  relative  to  BHM  and  W-1  as 
did  the  previous  WS  line.   Crosslinking  again  was  lower  than  would  have  been 
expected  for  the  level  of  sensitivity.   It  may  be  that  the  WS  or  WSA  line  is 
heterogeneous,  consisting  of  cell  populations  differing  in  sensitivity  and 
crosslink  formation.   This  however  is  probably  not  the  full  explanation, 
because  line  WS  or  WSA  also  differend  from  BHM  and  W-1  in  that  the  cells  tend 
to  lyse  within  12-24  hr  after  treatment.   The  BHM  and  W-1  cells  do  not  lyse 
under  similar  treatments.   The  WS  cells  apparently  have  an  unusual  sensi- 
tivity to  cis-Pt(II)  which  expresses  itself  as  early  cell  lysis. 

We  plan  to  examine  cloned  lines  that  we  have  derived  from  WS,  in  order  to 
obtain  a  homogeneous  cell  line  that  exhibits  low  crosslinking  and  high 
sensitivity.   We  will  then  attempt  to  determine  the  origin  of  the  peculiar 
sensitivity. 
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4)  4-Sulf Idocyclophosphamides :   Cyclophosphamide  Derivatives  that  do  not 
Require  Metabolic  Activation. 

Studies  of  cyclophosphamide  (CP)  action  in  vitro  have  been  hampered  by  the 
need  for  metabolic  activation.   The  need  for  metabolic  activation  also  may 
contribute  to  the  clinical  varability  of  CP  dosage.   These  difficulties  could 
be  overcome  by  development  of  a  suitable  CP  derivative  that  spontaneously 
decomposes  to  active  products  without  requiring  metabolic  activation. 
Sulfido-CP  derivatives  had  been  shown  to  decompose  to  phosphoramide  mustard 
in  physiological  saline  solution. 

In  collaboration  with  members  of  the  Laboratory  of  Chemical  Pharmacology,  we 
studied  2  sulfido-CP  derivatives  to  determine  whether  these  compounds  affect 
cells  in  the  manner  expected  for  activated  CP.   Since  chemical  evidence 
indicates  that  the  active  alkylating  species  of  CP  is  phosphoramide  mustard, 
the  studies  were  designed  to  compare  the  sulfido-CP  compounds  with  phoshor- 
amide  mustard. 

The  sulfido-CP  compounds  were  found  to  be  4-5  times  as  toxic  as  phosphoramide 
mustard  to  L1210  cells.   The  sulfido-CP  compounds  were  also  found  to  be  4-5 
times  as  potent  as  phosphoramide  mustard  in  producing  DNA  interstrand 
crosslinks  in  these  cells.   Furthermore  the  kinetics  of  crosslink  formation 
and  removal  were  the  same  for  these  compounds.   This  strongly  supports  the 
presumption  that  the  sulfido-CP  compounds  act  on  cells  through  the  formation 
of  phosphoramide  mustard  which  crosslinks  DNA.   Hence  the  sulfido-CP 
compounds  produce  the  same  effect  on  DNA  as  does  CP,  but  do  not  require 
metabolic  activation. 

5)  Further  Development  of  DNA  Damage  Assays  Using  Filter  Methods. 

As  described  in  our  previous  annual  reports,  we  have  developed  assays  for 
several  classes  of  DNA  lesions  in  mammalian  cells  using  the  technique  of 
alkaline  elution.   The  technique  measures  the  rate  of  DNA  release  from  cells 
lysed  on  filters  and  eluted  at  pH  12.   Variations  of  the  technique  have  been 
devised  to  estimate  DNA  single-strand  breaks  and/or  alkali-labile  sites. 
DNA-protein  crosslinks  and  DNA  interstrand  crosslinks.   Single-strand  breaks 
are  measured  by  the  dependence  of  the  rate  of  DNA  release  on  single-strand 
size.   DNA-protein  crosslinks  are  revealed  because  of  the  adsorption  of 
proteins  to  the  filters  under  appropriate  conditions,  thereby  reducing  the 
elution  of  DNA  bearing  a  given  frequency  of  single-strand  breaks.   Inter- 
strand crosslinks  are  gauged  by  the  elution  reduction  remaining  in  assays 
in  which  the  cell  lysates  are  treated  with  proteinase-K  to  remove  the  effect 
of  DNA-protein  crosslinks.   Using  an  elution  pH  below  the  DNA  denaturation 
range,  it  has  also  been  possible  to  develop  an  assay  for  double-strand 
breaks.   In  addition,  a  fluorometric  method  was  devised  which  permits  assays 
without  radioactive  labeling  of  the  DNA. 

During  the  current  year,  several  further  technical  advances  have  been  made, 
although  methodology  development  was  only  a  minor  part  of  our  effort  during 

this  period. 
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a)  Alkali-labile  lesions. 

Further  work  was  carried  out  aimed  at  developing  a  quantitative  assay.   The 

essential  concept  is  that  cell  lysates  on  filters  are  incubated  for 

appropriate 

under  the  usual  conditions  at  pH  12.1.   This  modified  procedure  is  suitable 

as  a  sensitive  quantitative  assay.   The  elution  kinetics  however  are 

anomalous  and  require  further  study. 

b)  Interstrand  crosslinks. 

The  validity  of  our  previously  devised  empirical  quantitation  method  was 
confirmed  by  further  experience  with  several  crosslinking  agents  and  several 
cell  types,  in  that  the  crosslink  measure  is  regularly  a  linear  function  of 
drug  concentration. 

A  mathematical  theory  was  developed  in  collaboration  with  Dr.  George  Weiss 
(Physical  Sciences  Laboratory,  DCRT)  which  encompases  both  interstrand  and 
DNA-protein  crosslinks.   Experimental  tests  of  this  theory  are  contemplated. 

c)  Double-strand  break  assays. 

Minor  methodologic  changes  have  improved  the  quantitative  reproducibility  of 
this  assay.   The  elution  kinetics  have  a  2  component  character,  suggesting 
a  mechanism  different  from  the  case  of  a  alkaline  elution.   The  mechanism 
of  double-strand  elution  requires  further  study. 

d)  Use  of  new  scintillation  solvent. 

The  labor  and  cost  of  alkaline  elution  assays  was  significantly  reduced 
through  the  use  of  a  new  commerically  available  scintillation  solvent  capable 
of  accommodating  larger  aqueous  volumes.   The  number  of  fractions  that  must 
be  analysed  in  each  assay  was  thereby  cut  nearly  in  half. 

6)   Application  of  Alkaline  Elution  to  Carcinogen  Screening. 

Work  from  various  laboratories  has  shown  that  alkaline  elution  assays  for 
DNA  damage  in  mammalian  cells  provides  a  successful  in  vitro  screen  for 
carcinogens.   Our  development  of  a  fluorometric  procedure  permits  such 
assays  to  be  applied  to  non-proliferating  cells,  such  as  liver  cells.   In 
collaboration  with  members  of  the  Laboratory  of  Chemical  Pharmacology,  a 
combined  in  vitro  system  was  examined  in  which  fresh  rat  liver  cells  are 
mixed  with  Salmonella.   A  putative  carcinogen  can  be  activated  in  the  liver 
cells,  and  the  active  mutagen  is  then  detected  by  its  effect  on  the 
Salmonella  in  the  Ames  test.   At  the  same  time  fluorometric  alkaline  elution 
assays  were  performed  on  the  liver  cells.   With  several  known  carcinogens, 
DNA  damage  in  the  liver  cells  was  observed  concurrently  with  the  production 
of  mutations  in  Salmonella.   The  potential  advantage  of  this  assay  is  that 
it  may  detect  specific  hepatic  carcinogens  that  require  hepatic  activation, 
but  form  active  products  that  are  too  unstable  or  too  impermeable  to  affect 
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the  bacteria. 

7)   Studies  of  the  Intercalator  Effect  in  Cell-free  Systems. 

Our  previous  work  had  indicated  that  treatment  of  mammalian  cells  with 
intercalating  agents  produces  a  characteristic  effect  in  which  DNA  strand 
breaks  are  produced  associated  with  DNA-protein  crosslinks.   The  evidence 
suggested  that  the  proteins  were  linked  to  one  or  both  strand  termini, 
perhaps  in  the  manner  known  to  occur  with  topoisomerases,  which  produced 
the  strand  break. 

This  type  of  reaction  —  chain  scission  with  simultaneous  covalent  linkage 
of  the  enzymes  to  one  chain  terminus  —  is  known  to  occur  in  the  case  of 
certain  topoisomerases.   Topoisomerases  have  the  general  property  of  changing 
the  winding  number  of  DNA  helices.   Since  the  production  of  protein- 
associated  DNA  breakage  appears  to  be  specific  for  intercalating  agents  (it 
did  not  occur  with  other  DNA-binders) ,  and,  since  intercalation  alters  the 
winding  number  of  DNA  helices,  we  hypothesize  that  intercalation  brings  into 
play  certain  topoisomerase  enzymes  that  relieve  the  topological  strain 
produced  by  the  intercalation  and  that  are  responsible  for  the  DNA  effects 
that  we  observe. 

This  hypothesis  has  several  interesting  implications: 

1)  The  site  of  protein-associated  strand  breakage  could  be  some  distance 
removed  from  the  nearest  site  of  intercalation,  since  the  topological  effect 
of  intercalation  is  transmitted  along  the  DNA  helix. 

2)  The  protein-associated  strand  breakage  may  not  have  cytotoxic  effects; 
instead,  it  may  represent  a  physiological  mechanism  that  favors  survival  in 
the  presence  of  topological  stress  to  the  chromatin,  as  would  be  produced  by 
intercalation. 

3)  Inhibitors  of  topoisomerases  may  alter  the  effect  of  intercalators  on 
DNA,  and  may  act  synergistically  with  intercalators  to  kill  cells. 

These  working  hypotheses  serve  as  the  basis  for  our  current  and  projected 
studies  in  this  ar.ea. 

In  order  to  demonstrate  and  identify  the  enzyme  that  we  hypothesize  to  be 
responsible  for  the  intercalator  effect,  we  attempted  to  reproduce  the 
characteristic  intercalator  effects  in  a  cell-free  system.   If  successful, 
such  a  system  might  be  used  as  an  assay  system  for  the  isolation  of  the 
hypothesized  enzyme  or  enzymes. 

Our  results  so  far  have  been  quite  encouraging. 

We  have  found  that  characteristic  intercalator  effects  can  be  demonstrated 
on  isolated  nuclei  deposited  on  filters.   The  effects  of  intercalator — i.e. , 
DNA-protein  crosslinks  and  proteinase-dependent  single-strand  breaks  —  is 
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abolished  if  the  nuclei  are  first  extracted  with  2  M  NaCl.   The  responsive- 
ness to  intercalation  can  then  be  restored  by  adding  a  salt  extract  of 
isolated  nuclei.   In  preliminary  experiments,  we  have  fractionated  such 
extracts  on  Sephadex  columns  and  have  found  peaks  of  activity  (separated 
from  the  main  protein  peak)  using  the  filter-deposited  nuclei  as  an  assay 
system. 

In  the  course  of  this  work,  it  was  found  that  lysis  of  unextracted  nuclei 
with  sodium  dodecyl  sulfate  (SDS)  causes  protein-associated  DNA  scission 
even  when  no  intercalator  is  used.   This  effect  of  SDS  was  prevented  by 
salt-extraction  of  the  nuclei  and  could  be  restored  by  adding  back  a  salt 
extract  of  isolated  nuclei.   This  activity  was  also  fractionated  by  gel 
chromatography  and  appeared  to  fractionate  differently  from  the  intercalator- 
dependent  activity. 

It  appears  therefore  that  isolated  nuclei  may  contain  2  or  more  enzi^nes 
capable  of  forming  protein-associated  DNA  strand  breaks,  and  that  some,  but 
not  necessarily  all  of  these  enzymes  are  affected  by  DNA  intercalation. 

Proposed  Course: 

A.  Further  development  of  filter  elution  methodologies. 

1.  Test  DNA  single-strand  elution  theory.   This  will  be  done  by  alkaline 
sucrose  sedimentation  analysis  of  eluted  DNA  fractions.   The  objective  is  to 
devise  and  validate  a  computational  method  for  the  determination  of  DNA 
strand  length  distribution  from  alkaline  elution  data. 

2.  Calibrate  the  filter  method  for  quantitation  of  interstrand  crosslink 
frequencies. 

3.  Develop  a  quantitative  method  for  determination  of  alkali-labile 
sites. 

4.  Characterize  the  mechanism  of  DNA  double-strand  elution  from 
filters.   Improve  the  method  for  determination  of  double-strand  breaks. 

B.  Study  the  formation  of  alkali-labile  sites  in  various  cell  types  treated 
with  nitrosoureas,  in  order  to  elucidate  the  DNA  repair  mechanisms  that  come 
into  play. 

C.  Determine  the  dependence  of  DNA  crosslinking  and  cytotoxic  sensitivity  to 
various  bifunctional  agents  on  DNA  repair  functions  in  human  tumor  cells. 

The  question  is  what  DNA  repair  deficiencies  (in  addition  to  Mer  )  exist  in 
human  tumors  and  confer  vulnerability  to  certain  bifunctional  agents.  This 
project  will  have  the  highest  priority  during  the  coming  year. 

D.  Determine  whether  the  carbamoylation  function  of  nitrosoureas  inhibits 
crucial  DNA  repair  steps  related  to  the  cytotoxic  effects  of  nitrosoureas. 
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E.  Study  the  relationship  between  DNA  replication  (chain  growth),  cross- 
linking  and  cytotoxicity,  from  the  point  of  view  of  the  possible  role  of 
post-replication  repair  in  survival  to  treatment  of  cells  with  bifunctional 
agents. 

F.  Test  the  hypothesis  that  intercalator-induced  protein-associated  DNA 
single-strand  breaks  are  produced  by  topoisomerases. 

1.  Study  effects  of  topoisomerase  inhibitors. 

2.  Study  the  effect  in  cell-free  systems  with  the  object  of  character- 
izing and  isolating  the  responsible  protein  or  enzyme. 

3.  Study  the  formation  of  DNA  double-strand  breaks  in  cells  treated  with 
various  intercalators  and  relate  to  cytotoxicity. 

Publications : 

1.  Kohn,  K.W.,  Ewig,  R.A.G. ,  Erickson,  L.C.,  Zwelling,  L.A. ,  Ross,  W.E., 
and  Cohen,  L.C. :   Measurements  of  DNA  Damage  in  Mammalian  Cells  by 
Alkaline  Elution.   In  Santi,  and  Parodi,  S.  (Eds.):   Short  Term  Tests  for 
Prescreening  of  Potential  Carcinogens.   Instituto  Scientifico  Per  Lo 
Studie  E  La  Cura  Dei  Tumori,  Genova,  Italy,  1979. 

2.  Kohn,  K.W. ,  Ross,  W.E.,  and  Glaubiger,  D. :   Ellipticine.   Antibiotics. 
1979,  V/2,  pp.  195-213. 

3.  Kohn,  K.W. :   Drug-induced  Macromolecular  Damage  of  Nuclear  DNA.   In 
Busch,  H.  (Ed.):   Effects  of  Drugs  on  the  Cell  Nucleus.   Academic  Press, 
1979,  pp,  207-239. 

4.  Zwelling,  L.A. ,  Bradley,  M.O.,  Sharkey,  N.A. ,  Anderson,  T.,  and  Kohn, 
K.W. :   Mutagenicity,  cytotoxicity  and  DNA  crosslinking  in  V79  Chinese 
hamster  cells  treated  with  cis-  and  trans-Pt (Il)diamminedichloride. 
Mutat.  Res.  67:  271-280,  1979. 

5.  Zwelling,  L.A. ,  Kohn,  K.W. :   The  mechanisms  of  action  of  cis-platinum(II) 
diamminedichloride.   Cancer  Treatment  Reports  63:  1439-1444,  1979. 

6.  Zwelling,  L.A. ,  Filipski,  J.,  and  Kohn,  K.W.:   The  effect  of  thiourea  on 
survival  and  DNA  crosslink  formation  in  cells  treated  with  platinum(II) 
complexes,  melphalan,  and  nitrogen  mustard.   Cancer  Res.  39:  4989-4995, 

1979. 

7.  Erickson,  L.C,  Ross,  W.E,,  and  Kohn,  K.W.  :   Isolation  of  large 
quantities  of  DNA  replication  intermediates  by  pH  step  alkaline  elution. 
Chromosoma  74:  125-139,  1979. 
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8.  Ross,  W.E.,  Zwelling,  L.A. ,  and  Kohn,  K.W, :   Relationship  between 
cytotoxicity  and  DNA  strand  breakage  by  adriamycin  and  other  inter- 
calating agents.   Int.  J.  Radiation  Oncology,  Biology  and  Physics  5: 
1221-1224,  1979. 

9.  Bradley,  M.O,,  and  Kohn,  K.W. :   X-ray  induced  DNA  double  strand  break 
production  and  repair  in  mammalian  cells  as  measured  by  neutral  filter 
elution.   Nucleic  Acids  Res.  7:  793-804,  1979. 

10.  Erickson,  L.C.,  Bradley,  M.O.,  Ducore,  J.M.,  Ewig,  R.A.G. ,  and  Kohn, 
K.W. :   DNA  crosslinking  and  cytotoxicity  in  normal  and  transformed  human 
cells  treated  with  anti-tumor  nitrosoureas.   Proc.  Natl.  Acad.  Sci.  77: 
467-471,  1980. 

11.  Staiano,  N. ,  Erickson,  L.C.,  and  Thorgeirsson,  S.S.:   Bacterial 
mutagenesis  and  host  cell  DNA  damage  by  chemical  carcinogens  in  the 
salmonella/hepatocyte  system.   Biochem.  Biophys,  Res.  Comm.  94:  837- 
842,  1980. 

12.  Erickson,  L.C.,  Osieka,  R. ,  Sharkey,  N.A. ,  and  Kohn,  K.W. :  Measurement 
of  DNA  damage  in  unlabeled  mammalian  cells  analyzed  by  alkaline  elution 
and  a  fluorometric  DNA  assay.   Analytical  Biochem.,  in  press,  1980. 

13.  Erickson,  L.  C. ,  Bradley,  M.O.,  and  Kohn,  K.W. :   Mechanisms  for  the 
production  of  DNA  damage  in  cultured  human  and  hamster  cells  irradiated 
with  light  from  fluorescent  lamps,  sunlamps,  and  the  sun.   Biochem. 
Biophys.  Acta,  in  press,  1980. 

14.  Kohn,  K.W. :  Mechanistic  Approaches  to  New  Nitrosourea  Development.  In 
Carter,  S.K.  (Ed.):   Nitrosourea  Symposium,  1980,  in  press. 

15.  Kohn,  K.W. :   Molecular  Mechanisms  of  DNA  Crosslinking  by  Alkylating 
Agents  and  Platinum  Complexes.   In  Sartorelli,  A.C.  (Ed.):   Molecular 
Actions  and  Targets  for  Cancer  Chemotherapeutic  Agents.   Academic  Press, 
1980,  in  press. 

16.  Kohn,  K.W.,  Ewig,  R.A.G. ,  Erickson,  L.C.,  and  Zwelling,  L.A,: 
Measurements  of  Strand  Breaks  and  Crosslinks  in  DNA  by  Alkaline  Elution. 
In  Friedberg,  E.C.,  and  Hanawalt,  P.C.  (Eds.):   DNA  Repair:   A 
Laboratory  Manual  of  Research  Techniques.   New  York,  Marcel  Dekker, 
1980,  in  press. 

17.  Zwelling,  L.A.,  and  Kohn,  K.W. :   Cisplatin.   In  Chabner,  B.A.  (Ed.): 
Clinical  Pharmacology  of  Antitumor  Drugs,  1980,  in  press. 

18.  Zwelling,  L.A.,  and  Kohn,  K.W. :   Effects  of  Cisplatin  on  DNA  and 
Possible  Relationships  to  Cytotoxicity  and  Mutagenicity  in  Mammalian 
Cells.   Cisplatin-Current  Status  And  New  Developments.   Bristol 
Laboratories  Symposium,  1980,  in  press. 
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19.  Kleinerman,  E.S.,  Zwelling,  L.A.,  Muchmore,  A.V. :   The  enhancement  of 
naturally  occurring  human  spontaneous  monocyte-mediated  cytotoxicity  of 
cis-diamminedichloroplatinum(II) .   Cancer  Res. ,  in  press,  1980. 

20.  Ramomas,  L.M. ,  Erickson,  L.C.,  Ringsdorf,  and  Zaharko,  D.S.:   Anti-tumor 
activity  of  two  activated  derivatives  of  cyclophosphade  with  respect  to 
dose,  schedule,  and  route  of  administration.   Cancer  Res . ,  in  press, 
1980. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Last  year,  we  identified  two  novel  variants  of  histone  2A  using  two  dimensional 
gel  analysis.   This  year,  we  have  developed  a  sensitive  and  quantitative  peptide 


mapping  technique  and  have  proceeded  with  the  characterization  of  these  variants 


We  have  found  these  two  histones,  called  H2A.X  and  H2A.Z,  in  sea  urchins  as  well 
as  in  human  and  mouse  cell  lines,  a  finding  which  suggests  that  these  two 
proteins  may  be  universal  chromosome  components.   We  have  developed  methods  for 
quantitating  the  modification  of  histone  using  peptide  analysis  and  have  compared 
the  modification  patterns  of  H2A's.   The  H2A.Z  variant  is  particularly  interest- 
ing because  it  is  not  modified  in  the  same  way  as  other  H2A's.   Last  year  we 
reported  also  the  identification  of  ubiquitin  adducts  of  all  the  H2A's.   This 
year  we  report  the  identification  of  a  ubiquitin  adduct  of  H2B.   Also  we  have 
found  that  the  ubiquitin  moiety  of  the  uH2A's  turns  over  independently  from  the 
H2A  moiety.   Studies  of  the  effects  of  drugs  on  the  metabolism  of  the  nuclear 
proteins  are  in  progress. 
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Project  Description 

Objectives : 

The  overall  objectives  are  to  help  elucidate  the  role  of  chromosomal  proteins 
in  the  structure  and  function  of  chromosomes,  and  to  apply  this  knowledge  to 
understanding  and  treating  cancer.   Specific  objectives  are  to: 

(1)  Determine  the  effect  of  chemotherapeutic  agents  on  the  DNA-protein 
interactions. 

(2)  Determine  the  functional  and  structural  relationship  of  histones, 
particularly  the  recently  identified  H2A.X  and  H2A.Z,  in  chromosomes. 

(3)  To  use  the  histone  variant  pattern  of  a  cell,  particularly  a  tumor  cell, 
as  a  diagnostic  tool. 

Methods; 

(1)  Discontinuous  electrophoretic  separation  of  histones  Including  direct 
loading  of  histone  extracts  and  two  dimensional  electrophoresis.  (Methods 
developed  in  this  laboratory) . 

(2)  Crosslinking  of  protein  to  protein  using  bifunctional  reagents. 

(3)  Separation  of  crosslinks  on  acrylamide  gels. 

(4)  Peptide  analysis  on  acrylamide  gels  to  determine  the  relationship  of 
proteins  to  each  other.   (Method  developed  in  this  laboratory). 

3      14 

(5)  Efficient  detection  of  H  and  C   on  thin  layer  plates  (method  developed 

in  this  laboratory) . 

A.   Chromatin  Structure 

We  have  developed  several  methods  for  analyzing  histones,  and  other  chromo- 
somal proteins  with  greater  simplicity,  speed,  and  resolution  than  possible 
before.   With  these  methods  we  can  also  purify  proteins  by  successive  elec- 
trophoresis in  gels  of  different  properties  without  recovering  the  protein 
after  each  gel.   A  manuscript  describing  these  techniques  is  accepted  for 
publication  by  Eur.  J.  Biochem. 

With  these  techniques,  we  can  analyze  histones  after  direct  tissue  extrac- 
tion. Since  certain  cancerous  lines  have  characteristic  histone  patterns, 
histone  analysis  of  cancerous  lines  may  be  useful  in  their  identification. 

These  techniques  also  simplify  the  study  of  linkage  between  the  synthesis  of 
proteins  and  DNA  because  the  proteins  to  be  analyzed  can  be  easily  purified 
to  homogeneity.   In  this  way  the  linkage  between  the  synthesis  of  particular 
proteins  rather  than  groups  of  proteins  and  DNA  can  be  analyzed. 
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B.  H2A  Variants 

The  methodology  described  above  has  led  us  to  the  discovery  of  two  novel 
variants  of  H2A.   The  variants  are  separable  from  H2A  on  SDS  and  acid  urea 
gels,  but  do  migrate  very  close  to  major  components. 

Since  these  two  H2A  variants,  named  H2A.X  and  H2A.Z,  differ  in  size  from 
other  H2A's,  nucleosomes  containing  these  two  variants  may  have  altered 
conformations,  and  therefore  may  exhibit  special  functions  in  chromatin. 

One  variant,  H2A.X,  is  similar  to  H2A.1  in  all  respects  tested  except  that  it 
seems  to  be  about  1000  daltons  larger.   Of  the  15  H2A.1  tryptic  peptides 
larger  than  dipeptides,  10  are  found  in  H2A.X.   H2A.X  is  phosphorylated, 
acetylated,  and  ubiquitinated  in  a  manner  similar  to  H2A.1;  the  phosphory- 
lation tryptic  peptide  of  H2A.X  is  the  same  as  in  H2A.1,  but  the  peptides 
involved  in  acetylation  and  ubiquitination  are  not  the  same. 

The  other  variant,  H2A.Z,  seems  to  be  500  daltons  smaller  than  H2A.1  and  has 
only  two  tryptic  peptides  in  common.   Like  H2A.1,  H2A.Z  is  ubiquitinated,  but 
unlike  H2A.1,  H2A.Z  is  not  phosphorylated  and  has  3  acetylation  sites. 
Therefore  H2A.Z  is  unique  in  that  it  differs  from  the  other  H2A' s  in  certain 
functional  respects. 

Other  interesting  properties  of  these  two  proteins  is  that  while  both  are 
found  in  all  species  and  tissues  tested  so  far  (from  human  to  sea  urchin) , 
they  are  always  minor  components  (2-10%  of  total  H2A) .   Since  the  fraction  of 
DNA  carrying  transcribable  information  is  also  only  a  few  percent  of  the 
total  DNA,  it  is  possible  that  the  presence  of  H2A,X  and  H2A.Z  are  restricted 
to  special  classes  of  nucleosomes,  perhaps  those  on  transcribable  chromatin. 
West  and  Bonner  (1980)  more  fully  describe  the  relationship  of  all  the  H2A 
species  from  mouse  L1210  cells. 

C.  Ubiquitinated   Histones 

Goldknopf  e^  al.  (1975)  discovered  a  unique  protein  complex  which  they  named 
AoA,  composed  of  histone  2A  covalently  linked  to  another  protein,  ubiquitin. 
Ubiquitin  is  a  protein  of  highly  conserved  sequence  found  in  animal  cells  and 
bacteria.   In  vitro,  it  induces  lymphocytes  to  differentiate  and  stimulates 
adenylate  cyclase  but  its  function  in  vivo  is  unknown. 

We  have  identified  ubiquitin  adducts  not  only  of  the  recently  discovered 
H2A.X  and  H2A.Z  but  also  of  H2B.   Because  of  this  complexity,  we  have 
proposed  the  prefix  "u"  to  denote  a  ubiquitinated  histone.   Therefore  A24 
becomes  uH2A.l  and  uH2A.2,  and  the  ubiquitin  adducts  of  H2A.X,  H2A.Z  and  H2B 
become  uH2A,X,  uH2A.Z  and  uH2B  respectively. 

uH2A.l  (A„ . )  is  probably  not  a  static  entity,  but  a  product  of  a  dynamic 
equilibrium.   Dr.  Roy  Wu,  using  the  methodology  described  before,  is  studying 
the  metabolism  of  ubiquitinated  histones  during  the  cell  cycle.   The 
ubiquitin  and  histone  portions  of  uH2A.l  do  seem  to  turnover  independently. 
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The  ubiqultin  moiety  of  uH2A,l  has  a  half  life  of  approximately  9  hours, 
while  the  H2A.1  moiety  like  other  nucleosomal  histones  has  an  almost  infinite 
half  life. 

D.   Histone  Modification 

Histones  are  modified  by  acetylation,  phosphorylation,  methylation,  poly-ADP 
ribosylation,  and  ubiquitination  of  various  amino  acid  side  chains.   Our 
purpose  here  is  to  develop  more  rigorous  procedures  for  separating  and 
quantitating  the  various  forms  in  the  complex  mixtures  of  modified  histones 
normally  present  in  living  cells,  and  to  study  whether  some  insight  can  be 
gained  as  to  the  functional  roles  of  these  modifications.   It  should  be  noted 
that  up  to  now  it  has  only  rarely  been  possible  to  quantitate  various  types 
of  histone  modifications.   Using  methods  developed  in  our  laboratory,  Dr. 
Pantazis  has  been  analyzing  H2A,  which  is  simultaneously  acetylated  and 
phosphorylated . 

Histone  2A  forms  three  bands  on  acid  urea  gels,  because  of  modification  by 
acetates  and  phosphates.   Using  our  gel  methodology  these  bands  can  be 
purified,  trypsinized  and  electrophoresed  on  peptide  gels.   The  new  peptides, 
AcSer(PO  )-Gly-Arg  or  GlyLys(Ac)Gln-Gly-Gly-Lys,  due  to  modification  can  be 
located,  excised  and  quantitated.   For  example,  we  have  found  that  b,  H2A,1 
(first  modified  band)  is  mixture  of  molecules  approximately  one-third  of 
which  are  phosphorylated  and  two-thirds  of  which  are  acetylated.   b„  H2A.1 
(second  modified  band)  is  a  mixture  of  molecules,  many  of  which  contain  a  new 
peptide  which  cannot  have  arisen  from  any  published  modification  of  H2A. 

Therefore  this  methodology  is  useful  in  several  ways.   It  makes  possible 
quantitative  analysis  of  known  histone  modification.   It  is  useful  for 
finding  new  types  of  modifications.   It  can  be  useful  for  comparing 
modifications  on  the  same  cell  type  under  various  conditions. 

Significance  to  Biomedical  Research  and  Program  of  the  Institute : 

Our  improved  methodology  for  chromosomal  protein  analysis  may  be  useful  in 
several  ways.   One  way  is  that  these  methods  enable  one  to  extract  histones 
directly  from  tissues  and  tumors.   There  is  evidence  that  tumor  cell  lines 
may  have  an  altered  histone  pattern  compared  to  their  progenitor  cells.   Such 
studies  could  prove  useful  in  tumor  identification  and  possibly  even  lead  to 
some  insight  into  the  process  of  tumor  formation  because  the  histones  and 
other  chromosomal  proteins  direct  the  activity  of  the  chromosome. 

A  second  way  is  that  these  methods  facilitate  the  study  of  chromosomal 
protein  synthesis  and  its  coupling  to  DNA.   Such  studies  could  test  the 
validity  of  the  hypothesis  that  after  DNA  synthesis  is  stopped  with  a  drug  or 
compound,  some  protein  synthesis  continues,  a  process  which  may  lead  to 
unbalanced  growth  and  death. 
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Our  studies  on  the  existence  of  the  novel  H2A  variants  are  yielding  informa- 
tion about  fundamental  structural  units  in  chromosomes.   Such  information 
should  be  useful  in  understanding  chromosomal  functions  and  how  these 
functions  may  be  altered  in  neoplastic  cells. 

Proposed  Course: 

1.  To  continue  the  studies  on  chromosome  structure  to  determine  what 
differences  exist  in  normal  and  neoplastic  cells,  and  how  these  differences 
could  be  exploited  for  cancer  treatment. 

2.  Use  the  methods  of  chromosomal  protein  analysis  to  test  the  unbalanced 
growth  hypothesis. 

3.  To  continue  studies  of  H2A.X  and  H2A.Z  and  the  ubiquitin  adducts  in  order 
to  try  to  elucidate  their  functional  role,  particularly  with  respect  to 
transcribing  and  non-transcribing  genes. 

Publications : 

1.  Bonner,  W.M. ,  West,  M.H.P.,  and  Stedman,  J.D.:   Two  dimensional 
analysis  of  histones  in  acid  extracts  of  nuclei,  cells  and  tissues.   Eur. 
J.  Biochem. ,  in  press,  1980. 

2.  West,  M.H.P.,  and  Bonner,  W.M.   Histone  2A  is  a  heteromorphous  family 
of  eight  protein  species.   Biochemistry,  in  press,  1980. 
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ANNUAL  REPORT  OF  THE  LABORATORY  OF  TUMOR  CELL  BIOLOGY 

DEVELOPMENTAL  THERAPEUTICS  PROGRAM 

DIVISION  OF  CANCER  TREATMENT 

October  1,  1979  -  September  30,  1980 

This  Laboratory  is  concerned  with  five  major  areas  of  research:  (1)  molecu- 
lar and  physiological  control  mechanisms  in  normal  and  neoplastic  cells, 
designed  to  obtain  information  on  the  molecular  mechanism  involved  in  neo- 
plastic transformation,  including  a  search  for  viral  genomes  and  genome  pro- 
ducts in  human  tumor  tissues;  (2)  the  identification,  isolation  and  demon- 
stration of  biological  activity  of  viral  information  in  human  leukemic  cells; 

(3)  search  for  biochemical  markers  of  minimal  neoplastic  disease  and  the  de- 
velopment of  practically  useful  microtests  for  the  detection  of  such  markers; 

(4)  cell  differentiation  in  vitro.  (This  relates  to  a  major  interest  of  the 
laboratory:  Does  the  phenotypic  abnormality  of  leukemia  in  man  result  from 
a  block  in  leukocyte  maturation?)  (5)  Based  on  new  information  in  the 
literature  and  from  studies  within  this  Laboratory,  new  approaches  to  cancer 
chemotherapy  are  evaluated  in  in  vitro  and  in  vivo  systems. 

During  the  past  year  a  number  of  findings  were  reported  by  investigators  from 
the  Laboratory; 

Major  Fi  ndi  ngs  : 

1.  A  human  T  cell  growth  factor  (TCGF)  has  been  extensively  purified.  It 
has  a  molecular  weight  of  23,000  and  an  isoelectric  point  of  6.5. 

2.  Purified  TCGF  has  been  used  to  demonstrate  the  presence  of  receptors  for 
TCGF  on  the  surface  of  activated  T  cells. 

3.  Purified  TCGF  has  been  utilized  to  promote  the  growth  of  T  cells  from 
patients  with  T  cell  malignancies. 

4.  TCGF  dependent  and  independent  cell  lines  have  been  developed  from 
patients  with  T  cell  neoplasias. 

5.  A  new  human  retrovirus  (human  T  cell  lymphoma  virus,  HTLV)  has  been 
isolated  from  cell  lines  developed  from  patients  with  cutaneous  T  cell 
lymphoma.  Both  mature  and  immature  extracellular  virus  particles  were 
produced  by  this  cell  line. 

6.  Reverse  transcriptase  purified  from  HTLV  has  a  molecular  weight  of 
95,000  and  shows  template-primer  characteristics  similar  to  those  of 
oncornavirus  reverse  transcriptase. 

7.  Enzyme  neutralization  studies  show  HTLV  reverse  transcriptase  to  be 
immunologically  distinct  from  the  reverse  transcriptase  of  Type  B,  type 
C  and  type  D  retroviruses  of  animal  origin. 
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8.  A  protein  of  24,000  daltons  (p24)  purified  from  HTLV  was  also  found  to 
be  distinct  from  the  internal  antigens  of  known  mammalian  retroviruses 
by  radioimmunoassays. 

9.  Nucleic  acid  hybridization  studies  show  that  HTLV  is  not  significantly 
related  to  other  mammalian  type  B,  C  or  D  retroviruses,  i.e.,  it  is  a 
new  unique  virus. 

10.  Comparative  mapping  of  the  gibbon  ape  leukemia  virus  (GALV)  and  woolly 
monkey  virus  (SSAV)  show  that  the  regions  of  nonhomology  are  clustered 
at  the  3'-end  of  genomic  RNA. 

11.  Recombinant  DNA  techniques  have  been  used  to  obtain  DNA  clones  of  two 
non-defective  primate  viruses  (baboon  endogenous  virus  and  simian  sar- 
coma associated  virus)  and  a  defective  component  from  a  preparation  of 
a  woolly  monkey  virus. 

12.  Nanomole  amounts  of  retinoic  acid  have  been  shown  to  induce  differen- 
tiation of  HL60,  a  noval  human  promyelocytic  cell  line. 

13.  Low  concentrations  of  prostaglandins  E,  and  E„,  in  combination  with  cis- 
retinoic  acid  have  been  found  to  potentiate  tne  differentiation  of 
HL60  cells. 

14.  Low  concentrations  of  cyclic  AMP  have  been  found  to  induce  differen- 
tiation of  HL60  cells. 

15.  A  clone  of  HL60  resistant  to  6-thioguanine  and  two  clones  of  HL60 
resistant  to  differentiation  have  been  developed. 

16.  Competition  radioimmunoassays  have  been  developed  for  reverse  trans- 
scriptase  of  simian  sarcoma  virus  and  feline  leukemia  virus. 

17.  Reverse  transcriptase  has  been  isolated  and  characterized,  from  the 
plasma  membrane  preparations  from  type  C  RNA  tumor  virus  infected  cells 
and  some  human  leukemic  cells. 

18.  Terminal  deoxynucleoti dyl  transferase  has  been  isolated  and  character- 
ized from  a  gibbon  ape  lymphoma  cell  line  established  from  a  gibbon 
with  acute  lymphoblastic  leukemia.  This  enzyme  has  properties  similar 
to  terminal  transferase  isolated  from  calf  thymus  and  human  leukemic 
cells. 

19.  Techniques  of  free  flow  electrophoresis,  centrifugal  elutriation  and 
percoll  gradients  have  been  used  to  obtain  subpopulations  of  cells  from 
leukocytes  from  human  leukemia  patients. 

20.  Serial  follow-up  of  terminal  transferase  as  a  marker  in  a  patient  with 
chronic  myelogenous  leukemia  in  blast  phase  shows  that  the  loss  of  ter- 
minal transferase  activity  in  this  patient  is  related  to  the  emergence 
of  cells  resistant  to  existing  chemotherapeutic  agents. 
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21.  Hybridoma  technique  has  been  used  to  produce  monoclonal  antibodies 
against  a  variety  of  viral  antigens  and  calf  thymus  terminal  transferase. 

22.  A  number  of  human  serum  specimens  are  being  analyzed  for  the  presence  of 
type  C  RNA  tumor  virus  p30  and  gp70  related  antibodies  by  enzyme  linked 
immune  serum  assay  (ELISA). 

23.  Conformational  differences  have  been  found  to  exist  between  chromatin 
isolated  from  differentiated  and  undifferentiated  HL60  cells. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

This  Laboratory  is  concerned  with  five  areas  of  research:  (1)  molecular  and 
physiological  control  mechanisms  in  normal  and  neoplastic  cells,  designed  to 
obtain  information  on  the  molecular  mechanisms  involved  in  neoplastic  trans- 
formation, including  a  search  for  viral  genomes  and  genome  products  in  human 
tumor  tissues;  (2)  the  identification,  isolation  and  demonstration  of  bi_o- 
loqical  activity  of  viral  information  to  human  leukemic  cells;  (3)  search  for 
biochemical  markers  of  minimal  neoplastic  disease  and  the  development  of  prac- 
tically useful  microtests  for  the  detection  of  such  markers;  (4)  cell  differ- 
entiation in  vitro.  (This  relates  to  a  major  interest  of  the  laboratory: 
Does  the  phenotypic  abnormality  of  leukemia  in  man  result  from  a  block  in 
leukocyte  maturation?)  (5)  Based  on  new  information  in  the  literature  and 
from  studies  within  this  laboratory,  new  approaches  to  cancer  chemotherapy 
are  evaluated  in  in  vitro  and  in  vivo  systems.  This  is  the  ultimate  goal  of 
the  Laboratory. 
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Project  Description: 
Objectives 

1.  It  is  anticipated  that  a  greater  understanding  of  the  processes  involved 
in  the  molecular  control  of  cellular  growth,  differentiation,  and  carci- 
nogenic transformation,  including  the  pathogenesis  of  human  neoplasias, 
will  lead  to  the  ultimate  goal  of  developing  improved  approaches  to 
therapy  of  human  neoplasia.  Special  focus  is  on  the  leukemias  and 
lymphomas  . 

2.  The  development  of  "markers"  of  neoplastic  cells  may  lead  to  (a)  quanti- 
tation of  residual  tumor  cells  after  therapy  and  (b)  determining  whether 
cells  (e.g.,  in  leukemia)  of  patients  in  remission  are  really  normal. 
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3.  To  develop  new  concepts  of  chemotherapy  and  apply  them  to  animal  model 
systems  as  rapidly  as  possible  as  new  information  is  derived  from  basic 
experimental  studies. 

These  objectives  have  primarily  been  pursued  by  the  following  approaches: 

1.  Biochemical  studies  on  the  properties  of  the  RNA  of  type-C  viruses 
and  on  the  overall  pathway  of  replication  of  these  viruses. 
Purposes ; 

a.  To  obtain  more  information  on  the  mechanism  of  transcription  of 
this  RNA  to  DNA  via  reverse  transcriptase. 

b.  To  determine  if  diagnostic  probes  can  be  obtained,  i.e.,  is 
their  structure  specific  enough  that  we  can  use  this  information 
to  find  viral  RNA  in  cells? 

c.  In  understanding  the  mechanisms  involved  in  integration  and  ex- 
pression of  viral  genes,  we  can  plan  approaches  to  interfere  with 
this  expression  and  then  evaluate  the  overall  biological  effect 
of  this  interference.  We  particularly  wish  to  know  if  viral  ex- 
pression is  required  to  maintain  the  cell  in  the  neoplastic  state. 

2.  Pursuing  studies  leading  to  an  understanding  of  the  origin  of  tumor 
viruses,  how  they  acquire  their  oncogenic  potential,  how  they  inter- 
act with  cells,  and  how  they  are  transmitted  throughout  nature. 
These  studies  are  primarily  carried  out  with  techniques  of  molecular 
hybridization. 

3.  Leukocyte  differentiation  in  vitro.  The  soft  agar  technique  for  in- 
vestigating maturation  and  proliferation  of  normal  and  leukemic 
human  bone  marrow  cells  was  recenlty  set  up  in  our  laboratory.  At- 
tempts are  made  to  study  exogenous  and  endogenous  (released  from 
feeder  layers  of  normal  cells)  factors  which  affect  these  processes. 
Attempts  have  been  made  here  and  in  other  laboratories  to  differen- 
tiate human  leukemic  blast  cells  with  apparent  success.  The  impli- 
cations of  this  to  understanding  leukemogenesis  and  for  potential 
therapeutic  approaches  are  obvious.  The  mechanisms  involved  in  the 
maturation  process  are  under  study. 

4.  Growth  of  leukemic  myeloblasts  in  liquid  suspension  under  the  stimu- 
lus of  a  conditioned  media  factor  produced  by  human  embryonic  culture 
cells. 

5.  Markers:   (a)  Immuno-chemi cal  technique  for  finding  reverse  trans- 
criptase and  other  viral  macromolecules  in  intact  cells  are  being 
developed,   (b)  Techniques  for  detecting  viral  specific  nucleic 
acids  in  intact  cells  are  also  being  developed. 
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6.  Cell   separation  studies   are  being  carried  out  to  enrich  subpopula- 
tion  of  leukemic  cells  which  may  contain  the  type-C  RNA  tumor  virus 
related  markers  and  other  biological   markers. 

7.  Antibodies  associated  with  the  membranes  of  human  leukemic  cells 
have  been  isolated.     They  are  under  study  as   to  which  protein  anti- 
gens they  interact  with,  i.e.,  are  they  leukemia  cell   specific, 
e.g. ,  viral ,  etc. 

8.  Recombinant  DNA  technique  is   being  utilized  to  obtain  molecular  DNA 
clones  of  defective  and  non-defective  primate  viruses.      DNA  from 
these  clones  will    be  utilized  to  carry  out  transfection  experiments 
and  for  generation  of  subgenomic  fragments   for  probes   and   functional 
analysis. 

9.  Human  T  cell    growth   factor   (TCGF)   has   been  purified   for   further  char- 
acterization.    Studies   are  in  progress   to   determine  receptors   on 
activated  T  cells   for  TCGF. 


Major  Findings 

1.  A  human  T-cell    growth   factor   (TCGF)   has   been  extensively  purified.      It 
has  a  molecular  weight  of  23,000  and  an  isoelectric  point  of  6.5. 

2.  Purified  TCGF  has   been  used  to  demonstrate  the  presence  of  receptors 
for  TCGF  on   the  surface  of  activated  T  cells. 

3.  Purified  TCGF  has   been  utilized  to  promote  the  growth  of  T  cells   from 
patients  with  T  cell   malignancies. 

4.  TCGF  dependent  and  independent  cell    lines   have  been  developed  from 
patients  with  T  cell    neoplasias. 

5.  A  new  human   retrovirus    (human  T  cell    lymphoma  virus,   HTLV)   has   been 
isolated  from  cell    lines   developed   from  patients  with  cutaneous   T  cell 
lymphoma.     Both  mature  and  immature  extracellular  virus   particles  were 
produced  by  this   cell    line. 

6.  Reverse  transcriptase  purified   from  HTLV  has   a  molecular  weight  of 
95,000  and  shows   template-primer  characteristics   similar  to   those  of 
oncornavirus   reverse  transcriptase. 

7.  Enzyme  neutralization  studies   show  HTLV  reverse   transcriptase  to   be 
immunologically  distinct  from  the  reverse  transcriptase  of  type  B,   type 
C  and  type  D  retroviruses  of  animal   origin. 
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8.  A  protein  of  24,000  daltons  (p24)  purified  from  HTLV  was  also  found  to 
be  distinct  from  the  internal  antigens  of  known  mammalian  retroviruses 
by  radioimmunoassays. 

9.  Nucleic  acid  hybridization  studies   show  that  HTLV  is   not  significantly 
related  to  other  mammalian  type  B,   C  or  D  retroviruses,   i.e.,   it  is   a 
new  unique  virus. 

10.  Comparative  mapping  of  the  gibbon  ape  leukemia  virus  (GALV)  and  woolly 
monkey  virus  (SSAV)  show  that  the  regions  of  nonhomology  are  clustered 
at  the  3'-end  of  genomic  RNA. 

11.  Recombinant  DNA  techniques   have  been   used  to  obtain  DNA  clones  of  two 
non-defective  primate  viruses    (baboon  endogenous   virus   and  simian  sar- 
coma associated  virus)   and  a  defective  component  from  a  preparation  of 
a  woolly  monkey  virus. 

12.  Nanomole  amounts  of  retinoic  acid  have  been  shown  to  induce  differen- 
tiation of  HL60,  a  novel    human  promyelocytic  cell    line. 


13. 


Low  concentrations  of  prostaglandins  E,  and  E„  in  combination  with  cis- 
retinoic  acid  have  been  found  to  potentiate  the  differentiation  of 


HL60  cells. 


14.  Low  concentrations  of  cyclic  AMP  have  been  found  to  induce  differen- 
tiation of  HL60  cells. 

15.  A  clone  of  HL60  resistant  to  6-thioguanine  and  two  clones  of  HL60 
resistant  to  differentiation  have  been  developed. 

16.  Competition  radioimmunoassays  have  been  developed  for  reverse  trans- 
criptase of  simian  sarcoma  virus  and  feline  leukemia  virus. 

17.  Reverse  transcriptase  has  been  isolated  and  characterized,  from  the 
plasma  membrane  preparations  from  type  C  RNA  tumor  virus  infected  cells 
and  some  human  leukemic  cells. 

18.  Terminal  deoxynucleotidyl  transferase  has  been  isolated  and  character- 
ized from  a  gibbon  ape  lymphoma  cell  line  established  from  a  gibbon 
with  acute  lymphoblastic  leukemia.  This  enzyme  has  properties  similar 
to  terminal  transferase  isolated  from  calf  thymus  and  human  leukemic 
cells. 

19.  Techniques  of  free  flow  electrophoresis,  centrifugal  elutriation  and 
percoll  gradients  have  been  used  to  obtain  subpopulations  of  cells  from 
leukocytes  from  human  leukemia  patients. 
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20.  Serial    follow-up  of  terminal    transferase  as  a  marker  in  a  patient  with 
chronic  myelogenous   leukemia  in   blast  phase  shows   that  the  loss  of  ter- 
minal   transferase  activity  in  this   patient  is   related  to   the  emergence 
of  cells   resistant  to  existing  chemotherapeutic  agents. 

21.  Hybridoma  technique  has   been   used  to  produce  monoclonal   antibodies 
against  a  variety  of  viral    antigens   and  calf  thymus   terminal    transferase. 

22.  A  number  of  human  serum  specimens   are  being  analyzed  for  the  presence  of 
type  C  RNA  tumor  virus   p30  and  gp70  related  antibodies   by  enzyme  linked 
immune  serum  assay   (ELISA). 

23.  Conformational    differences   have  been  found  to  exist  between  chromatin 
isolated  from  differentiated  and  undifferentiated  HL60  cells. 


Significance  to   Biomedical    Research  and  the   Program  of  the   Institute 

As  outlined  in  the  Objectives,   these  studies  are  designed  to  obtain   funda- 
mental   information  on  molecular  and  physiological    control   mechanism  and  the 
pathogenesis  of  neoplasia  with   the  ultimate   goal   of  developing  new  and  im- 
proved approaches   for  anti-tumor  therapy.      In  addition,   some  studies  are 
designed  to   develop  biochemical    "markers"   of  neoplastic  cells. 

Proposed  Course 

As   described  above,   some  projects  will    terminate  and  others  will   continue  to 
be  actively  pursued. 

Methods   Employed 

1.  Human   leukocytes  were  isolated  and  purified  as   previously  described   (J^. 
Clin.    Invest.   48:   105-116,   1969;   Science   165:   400-402,   1969).      PHA  sti- 
mulation of  purified  lymphocytes   has   also  been  described   (Biological 
Effect  on  Polynucleotides,  Springer-Verlag,   New  York,   1971,   pp.    303-334; 
Blood   37:    282-292,   1971). 

2.  DNA  polymerase  activities  were  purified  and  characterized  as   reported 
(Nature   New  Biology  240:    67-72;   Proc.   Natl  .   Acad.    Sci  .   69:    2879-2884, 
1972;   Proc.   Natl .   Acad.    Sci  .   69:    3228-3232,   1972;   DNA  Synthesis   in   vitro. 
Proceedings  of  the  Second  Annual   Steenbock  Symposium,   1972. 

3.  Viral    reverse   transcriptase  was   purified  and  studied  as   described   (Nature 
234:    194-198,   1971;   J.    Virol  .    12:   431-439,    1973;   Biochim.   Biophys.   Acta 
454:    212-221,    1976,    479:    198-206,    1977,    564:    235-245,    1979. 
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4.  Macromolecular  synthesis,   viability,  mitosis   in   leukemic  and  normal    cells 
and  the  effects  of  specific  agents  were  evaluated  as   described  before 

(J.   Natl .   Cancer   Inst.   46:   789-795,   1971;   Science   165:   400-402,   1969). 

5.  In  vitro   leukopoiesis   is   studied  by  the  soft  agar   technique   developed   by 
Paran  and  Sachs.      In  addition   human  myelogenous   leukemic  leukocytes   are 
propagated  in  liquid  suspension  culture,  as   recently  reported   (Science 
187:    350,   1975). 

6.  Induction  of  type-C  virus   from  "non-producer"   cells   by  iododeoxyuridine 

is   carried  out  essentially  as  originally  described  by  Rowe  and  colleagues. 
Infectious   units   focus   formation  and  plaque  assays    for  virus   are  carried 
out  by  conventional    techniques. 

7.  Molecular  hybridization  studies   are  carried  out  by  conventional    and  by 
newly  evolved  techniques.     These  include:      (a)    filter  technique  with   DNA; 
(b)   filter  technique  with  RNA  covalently  attached   (Proc.   Natl  .   Acad.   Sci . 
70:    3219-3224,   1973);    (c)   Cesium  sulfate   gradient  analyses;    (d)   S,    nu- 
clease  treatment;    (e)   RNA-DNA  hybridization  by  competition  analyses 
(Methods   in  Cancer  Research,  Vol.    XI). 

8.  Tissue  culture,   virus   production,   cell    viability  estimates,   cloning  of 
cells   are  all    carried  out  by  standard  techniques.      Established  procedures 
for  titering  infectious,   leukemic  viruses    (SX  test)   and  transforming  sar- 
coma viruses    (focus   formation)   are  routinely  performed.     Also,   virus 
neutralization  procedures   are  performed  by  standard  procedures. 
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sucrose  density  gradients  and  free  flow  electrophoresis  (Lancet  1:  508- 
508,   1976). 
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SUMI4ARY    REPORT 

ASSOCIATE  DIRECTOR  FOR  CANCER  THERAPY  EVALUATION  PROGRAM 

DIVISION  OF  CANCER  TREATMENT 

NATIONAL  CANCER  INSTITUTE 

October  1,  1979  -  September  30,  1980 

The  scope  of  activities  of  the  Cancer  Therapy  Evaluation  Program 
(CTEP)  has  continued  to  increase.   In  previous  annual  reports 
details  were  given  of  the  range  of  activities  which  included  the 
clinical  evaluation  of  new  anticancer  agents  and  the  coordination 
of  extramural  clinical  research  programs  testing  combined  modal- 
ity approaches.   The  current  report  will  update  these  areas  as 
well  as  focus  on  organizational  changes,  activities  of  the  Office 
of  the  Associate  Director,  summary  of  program  activities,  and 
highlights . 

I.   Organizational  Changes 

Major  organizational  changes  were  accomplished  within  the  CTEP 
during  the  last  year.   Within  the  physical  facilities  of  the 
Landow  Building,  the  Clinical  Investigations  Branch  (CIB)  has 
been  expanded  to  be  responsible  for  the  Clinical  Oncology  Program 
project  grants.   This  was  accomplished  by  the  abolition  of  the 
Clinical  Projects  Branch  and  assigning  the  members  of  that  branch. 
Dr.  Roger  Halterman  and  Ms.  Jan  Wright,  to  the  Medicine  Section 
of  the  CIB.   The  CIB  organization  has  also  been  changed  by  the 
addition  of  separate  Surgery  and  Nutrition  Sections.   Dr.  DeWys 
was  appointed  Section  Head  for  Nutrition  and  Dr.  Bimal  Ghosh,  a 
senior  surgeon  from,  the  University  of  Illinois,  has  been  recruit- 
ed as  Surgical  Section  Head.   An  entirely  new  Pediatric  Oncology 
Section  has  been  created  which  will  be  headed  by  Dr.  Richard 
Ungerleider.   This  will  allow  for  overall  coordination  of  all 
pediatric  clinical  trials  activities  (cooperative  groups,  inter- 
group  studies,  pediatric  Phase  I  studies)  to  be  within  one  de- 
fined section  of  CTEP.   Other  changes  within  the  CTEP  include  the 
assignment  of  Dr.  Daniel  Kisner  as  Liaison  to  the  European  Organ- 
ization for  Research  on  Treatment  of  Cancer  (EORTC)  in  Brussels, 
Belgium  for  one  year  and  the  appointment  of  Dr.  Daniel  Haller  as 
permanent  Head,  Medicine  Section. 

The  scope  and  activities  of  the  Radiotherapy  Development  Branch 
(RDB)  has  expanded  significantly  since  Dr.  David  Pistenma  became 
Chief  in  August,  1979.   Organizational  changes  include  the  expan- 
sion of  the  Branch  by  the  addition  of  Dr.  Thomas  Strike  (trans- 
ferred from  CIB)  and  Dr.  Barrie  Jones  who  was  hired  as  radiobiol- 
ogist.   The  scope  of  activities  of  the  RDB  was  expanded  by  the 
transfer  of  responsibility  for  the  Brain  Tumor  Study  Group  to  RDB 
from  CIB  and  by  assigning  the  overall  CTEP  management  of  the 
Radiotherapy  Oncology  Group  to  Dr.  David  Pistenma. 
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The  Investigational  Drug  Branch  (IDB)  has  undergone  several  organ- 
izational changes.   Dr.  Daniel  Hoth  has  been  recruited  to  become 
Section  Chief  of  the  Drug  Evaluation  and  Reporting  Section. 
Dr.  Donald  Poster  has  been  assigned  to  the  Drug  Regulatory- 
Affairs  Section  (Dr.  John  Penta,  Chief)  as  Head  of  the  Medicine 
Unit  of  that  Section.   Dr.  Salvador  Bruno  has  been  assigned  as 
Special  Assistant  to  the  Associate  Director,  CTEP  for  the 
Biological  Response  Modifiers  Program. 

Another  important  organizational  change  within  the  IDB  has  been 
the  full  implementation  of  an  IND  Development  Unit  under 
Dr.  Penta' s  guidance.   The  transfer  of  Dr.  Poster  to  Dr.  Penta' s 
Section  has  filled  the  position  of  clinician  in  the  IND  Develop- 
ment Unit.   There  is  currently  an  active  recruitment  action  for  a 
Ph.D.   pharmacologist  to  complete  this  unit.   The  IND  Development 
Unit  will  serve  as  the  interface  between  CTEP,  the  Developmental 
Therapeutics  Program  (DTP)  and  the  Food  and  Drug  Administration 
(FDA)  and  should  both  facilitate  and  speed  the  development  of 
IND ' s  on  drugs  and  biologic  response  modifiers  whether  they  have 
been  developed  within  the  Division  of  Cancer  Treatment  (DCT) 
program  or  elsewhere. 

II .   Activities  of  the  Office  of  the  Associate  Director  (PAD) 

The  OAD  is  responsible  for  integrating  the  efforts  of  all  three 
program  branches.   This  is  primarily  achieved  through  participa- 
tion of  the  Associate  Director  (AD)  in  the  branches'  activities 
and  through  alternating  biweekly  staff  meetings  and  branch 
chief  meetings. 

Major  responsibilities  and  achievements  of  the  OAD  have  been: 
A)   program  supervision  and  budgetary  allocation,  B)  review  and 
development  of  therapeutic  strategies,  C)  standardization  of 
methods  in  clinical  trials,  D)  overall  coordination  of  clinical 
aspects  of  the  Biological  Response  Modifiers  Program,  and  E) 
coordination  of  clinical  activities  in  all  international 
agreements . 

A.   Program  Supervision  and  Budgetary  Allocation 

A  series  of  orientation  sessions  are  instituted  every  July  for 
the  staff.   In  addition,  the  staff  is  encouraged  to  attend  simi- 
lar sessions  in  the  Clinical  Oncology  Program.   These  sessions 
constitute  a  period  of  training  for  new  staff  of  the  CTEP.   The 
Office  of  the  AD  is  also  responsible  for  supervising  the  manage- 
ment of  all  program  areas  in  concert  with  the  branch  chiefs. 
Budgetary  allocations  to  each  area  within  the  program  are  worked 
out  by  direct  coordination  with  program  directors,  project 
officers  in  each  of  the  branches,  and  the  Administrative  Officer. 
These  are  subsequently  discussed  with  the  Director,  DCT  and 
decisions  are  transmitted  back  to  the  entire  staff  of  the  CTEP. 
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B.   Development  and  Progress  of  Specific  Therapeutic  Strategies 

1)  The  clinical  trials  to  be  executed  under  the  direction  of 
CTEP  through  the  Biological  Response  Modifiers  Program  (BRMP) 
will  be  performed  using  an  entirely  new  support  mechanism,  the 
task  order  contract.   This  mechanism  will  allow  flexibility  and 
speed  in  response  in  the  initiation  of  clinical  trials  since  a 
single  group  of  master  contractors  will  be  available  to  very 
quickly  compete  for  BRM  clinical  trials  proposed  by  DCT  staff. 
The  responses  to  the  BRMP  clinical  trial  RFP  were  reviewed  by  the 
Clinical  Trials  Committee,  May  13-14,  and  25  of  35  responses  were 
technically  acceptable,  thus  the  master  contracting  group  will 
contain  25  institutions.   Clinical  trials  including  Phase  I-II 
studies  of  leukocyte  and  fibroblast  interferon.  Phase  I  studies 
of  thymosin  fractions  5  and  a,  and  a  Phase  I  trial  of  MVE-2,  a 
pyran  copolymer  will  be  initiated  in  September,  1980. 

2)  The  Head  and  Neck  Contract  Group  to  study  preoperative  chemo- 
therapy as  adjunctive  therapy  to  surgery  in  head  and  neck  cancer 
has  significantly  increased  accrual  and  now  has  over  150  patients 

on  study. 

3)  The  Testicular  Cancer  Intergroup  Study  is  also  starting  to 
accrue  adequate  numbers  of  patients  and  will  provide  an  answer  to 
the  critical  question  of  the  need  for  adjuvant  chemotherapy  after 
surgery  in  Stage  II  testicular  cancer. 

4)  Task  order  contracts  are  now  being  negotiated  to  perform 
Phase  I  chemotherapy  studies  in  pediatric  patients  and  to  rapidly 
explore  new  leads  in  therapeutic  and  supportive  care  in  adults. 

5)  The  AD,  CTEP,  along  with  the  Branch  Chief,  Surgery  Branch, 
COP,  has  developed  a  working  group  to  design  trials  of  adjunctive 
therapy  in  osteosarcoma.   The  Sidney  Farber  Cancer  Center,  Massa- 
chusetts General  Hospital,  St.  Jude ' s  Hospital,  Mayo  Clinic, 
Philadelphia  Childrens  Hospital,  and  the  University  of  Florida 
Hospital  have  all  been  actively  involved  in  this  group  and  it 
appears  that  a  consensus  protocol  to  critically  evaluate,  in  a 
controlled  trial,  the  role  of  high  dose  methotrexate  and  adria- 
mycin  as  an  adjuvant  to  surgery  for  osteosarcoma  will  soon  be 
developed.   This  group  of  institutions  could  perform  such  a  study 
with  minimal  NCI  support. 

6)  A  new  intergroup  study  to  correlate  response  to  chemotherapy 
in  acute  myelogenous  leukemia  with  in  vitro  tests  of  the  biochem- 
ical sensitivity  of  leukemic  cells  to  antineoplastic  agents  was 
developed  by  Dr.  H.  Preisler  of  Roswell  Park  Memorial  Institute 
with  the  aid  of  CTEP.   This  proposal  has  been  reviewed  by  the 
CCIRC  and  received  a  favorable  priority  score  and  will  likely  be 
funded. 
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If  a  battery  of  reproducible  in  vitro  predictive  tests  of  re- 
sponse of  AI-IL  to  chemotherapy  can  be  developed,  this  would  be  a 
major  advance  in  the  therapy  of  this  disease. 

7)  After  acceptance  of  the  amygdalin  IND  by  the  FDA,  Phase  I 
trials  have  begun  and  Phase  II  and  III  trials  will  be  initiated 
after  July  1,  1980  under  CTEP  direction.   These  studies  will 
serve  to  critically  evaluate  the  potential  role  of  laetrile  in 
cancer  therapy. 

8)  The  CTEP,  after  evaluating  the  results  of  trials  of  tetrahy- 
drocannabinol as  an  antiemetic  has  petitioned  the  FDA  to  permit 
movement  of  this  drug  to  the  Group  C  distribution  scheme.   This 
will  allow  cancer  patients  to  have  markedly  increased  accessibi- 
lity to  THC  for  the  symptoms  of  nausea  and  vomiting. 

C)   Methods  in  Clinical  Trials 

CTEP  in  coordination  with  its  grant  and  contract  supported  clini- 
cal investigators,  has  been  actively  studying  innovations  in  cli- 
nical trial  methodology.   On  February  13,  1980,  the  concept  of 
prerandomization  in  Phase  III  trials  was  discussed  with  the  coop- 
erative group  chairmen.   CTEP  is  now  encouraging  the  use  of 
certain  forms  of  prerandomization  and  the  use  of  this  methodology 
by  the  National  Surgical  Adjuvant  Breast  and  Colorectal  Project 
(NSABP)  has  been  shown  to  increase  patient  accrual  to  Phase  II 
studies. 

Drs.  Bono  and  Hoth  of  the  IDB  have  evaluated  the  increased  use  of 
computer  technology  in  gathering  and  interpreting  data  from  the 
Phase  I  Working  Group.   Raw  data  from  the  group  will  soon  be  en- 
tered directly  in  Phase  I  trial  computer  programs  by  IDB  contrac- 
tors so  that  one  will  be  able  to  rapidly  obtain  an  overall  update 
of  a  drug's  progress  in  Phase  I  trial  without  having  to  sort 
through  raw  data  from  clinical  contractors. 

D.   Biologic  Response  Modifier  Program  Coordination 

Drs.  Macdonald  and  Bono  have  served  as  co-project  officers  on 
the  BRMP  task  order  clinical  trials  contract.   The  responses  to 
this  contract  proposal  have  now  been  reviewed  and  funding  plans 
for  initiations  of  clinical  trials  under  this  mechanism  are  on 
track  with  an  anticipated  starting  date  of  9/80.   Dr.  Bruno's 
move  to  the  OAD,  CTEP  has  allowed  for  close  communication  between 
Dr.  Macdonald  and  him  on  evaluation  of  ROl  grants  for  potential 
funding  under  the  BRMP.   Dr.  Macdonald  serves  as  Chairman  of  the 
BRMP  Decision  Network  which  will  be  the  critical  element  in  deve- 
loping materials  for  clinical  trial.   Dr.  Macdonald  also  serves 
as  liaison  between  the  CTEP  and  the  Chemoprevention  Coordinating 
Committee  and  thus  is  in  a  position  to  evaluate  chemoprevention 
strategies  for  clinical  trials  under  the  BRMP. 


666 


E.   Representation  in  International  Activities 

The  OAD  is  responsible  for  providing  the  clinical  input  for  treat- 
ment research  activities  of  the  DCT  including  international  agree- 
ments (Table  1) .   All  protocols  are  channeled  to  the  CIB  for 
review.   NCI-PAHO  (Pan  American  Health  Organization)  treatment 
research  programs  were  initiated  in  1978  and  are  coordinated 
through  the  AD  office.   EORTC  protocol  activities  are  also  simi- 
larly reviewed;  the  AD  is  additionally  on  the  Protocol  Review 
Committee  of  the  EORTC.   Representation  and  participation  in  the 
U.S.  -  France,  U.S.  -  U.S.S.R. ,  U.S.  -  Hungary,  U.S.  -  Italy, 
and  U.S.  -  China  took  place  in  1979-80,  with  major  emphasis  on 
new  drug  testing.   Of  particular  note  is  the  recent  participation 
of  the  CTEP  in  the  newly  developed  U.S.  -  Peoples  Republic  of 
China  Agreement.   Dr.  Macdonald  traveled  to  the  PRC  in  November, 
1979,  and  was  able  to  develop  potential  cooperation  in  the  areas 
of  chemoprevention,  clinical  chemotherapy  trials,  and  drug 
development.   CTEP  is  also  actively  involved  in  other  interna- 
tional activities  as  outlined  in  Table  2.   These  cooperative 
efforts  are  not  formal  international  agreements,  but  are  informal 
collaborative  efforts  aimed  at  drug  development. 

Also,  Dr.  Macdonald  has  continued  his  activities  with  the  UICC. 
He  is  one  of  the  four  chairpersons  for  the  UICC  chemotherapy 
courses  which  are  given  on  a  world-wide  basis  and  he  is  also  a 
member  of  the  Organizing  Committee  of  the  UICC  Clinical  Oncology 
Conference  which  will  be  held  in  Geneva,  Switzerland  in  October, 
1981. 

A  niomber  of  guest  workers  visited  the  CTEP  to  accomplish  work  on 
specific  projects.   These  included:   Dr.  Maurice  Staquet  (three 
months,  1979  -  Belgium),  Dr.  Silvia  Marsoni  (one  year  -  Italy, 
and  Dr.  William  Looney  (three  months  -  University  of  Virginia.) 

Ill .   Summary  of  Program  Activities 

The  following  drugs  were  introduced  by  the  IDB  and  the  respective 
protocol  studies  were  activated: 

DRUG  INSTITUTION 

Aclacinomycin  Ohio  State,  Wayne  State,  Georgetown 

(NSC-208734)  University,  Baltimore  Cancer 

Research  Program,  Memorial  Sloan- 
Kettering  Cancer  Center 

AT-125  M.D.  Anderson,  Mt.  Sinai, 

(NSC-163501)  University  of  Wisconsin 
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2"DCF 
(NSC-218321) 


DHAD 
(NSC-301739) 


Sidney  Farber  Cancer  Institute, 
Pediatric  Oncology  Branch,  DCT,  NCI, 
Memorial  Sloan-Kettering  Cancer 
Center,  Ohio  State,  Roger  Williams, 

Milwaukee  Childrens,  Baltimore 
Cancer  Research  Program,  Sidney 
Farber  Cancer  Institute,  Mt.  Sinai, 
Ohio  State,  St.  Judes , 
M.D.  Anderson,  Vermont  Regional 
Cancer  Center 


Misonidazole  (I.V.) 
(NSC-261037) 

AZQ 
(NSC-182986) 


Radiation  Oncology  Branch,  DCT,  NCI 


Veterans  Administration  Hospital, 
University  of  Kansas,  Mayo  CliniCj 
M.D.  Anderson,  Vermont  Regional 
Cancer  Center 


Amygdalin  Mayo  Clinic 

(NSC-15780  and  NSC-251222) 

Studies  are  ongoing  with  each  one  of  these  in  one  or  more 
schedules. 

The  CIB  protocol  review  has  included  all  studies  in  grant- 
supported  cooperative  groups  (Table  3)  and  contract-supported 
studies  (Tables  4,  5,  &  6) .   The  OAD,  CTEP  is  now  in  the  process 
of  preparing  a  DCT  position  paper  on  clinical  trials  in  response 
to  the  Salmon  Report  to  the  DCT  Board  of  Scientific  Counselors 
evaluating  clinical  trial  strategies.   This  position  paper  will 
serve  as  a  guide  for  DCT  policies  relating  to  clinical  trials  in 
the  1980's. 

The  CIB  also  was  involved  in  single  investigator  initiated  ROl 
grant-supported  work  including  funding  of  85  grants  for  6.8 
million.   The  value  for  35  POl  grants  is  over  20.6  million. 
Similar  values  for  the  Radiotherapy  Development  Branch  are  shown 
under  the  Branch's  report. 

Conferences  set  up  by  the  CTEP  are  included  in  Section  VIII. 
IV.   Highlights 
A.   Organizational 

-  Dr.  David  Pistenma  became  Chief  of  the  Radiotherapy  Development 
Branch. 

-  The  Radiation  Therapy  Oncology  Group  was  transferred  to  the 
Radiotherapy  Development  Branch. 
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-  The  Brain  Tumor  Study  Group  was  transferred  to  the  Radiotherapy 
Development  Branch. 

-  Dr.  Barrie  Jones  was  hired  as  a  radiobiologist  in  the  Radio- 
therapy Development  Branch. 

-  Dr.  Bimal  Ghosh  was  recruited  as  Section  Chief,  Surgery  Section, 
Clinical  Investigations  Branch. 

-  Dr.  Daniel  Kisner  was  assigned  as  Liaison  to  the  EORTC  in 
Brussels,  Belgium. 

-  Dr.  Richard  Ungerleider  became  Section  Chief,  Pediatric 
Section,  Clinical  Investigations  Branch. 

-  Dr.  Daniel  Hoth  became  Section  Chief,  Drug  Evaluation  and  Re- 
porting Section,  Investigational  Drug  Branch. 

-  Dr.  Salvador  Bruno  became  Special  Assistant  to  the  Associate 
Director,  CTEP  for  the  Biological  Response  Modifiers  Program. 

-  The  Clinical  Projects  Branch  was  abolished. 
B.   Scientific 

-  Three  neutron  therapy  units  established. 

-  Biological  Response  Modifiers  Program  clinical  trials  task 
order  master  contractor  group  established. 

-  Six  new  drugs  pass  Decision  Network  Four. 

-  Six  new  drugs  enter  Phase  I  trial. 

-  Four  hundred  six  new  clinical  trial  protocols  initiated. 

-  Two  chemoprevention  projects  (cervical  cancer  and  skin  cancer) 

successfully  initiated. 

-  Task  order  contracts  for  pediatric  Phase  I/II  trial  group 

initiated. 

-  Quick  reaction  Phase  II/New  Lead  Development  task  order 
contracts  initiated. 

-  THC  Group  C  application  pending  with  the  FDA. 

-  Amygdalin  Phase  I,  II,  III  clinical  trials  approved  by  the 
National  Cancer  Advisory  Board  and  initiated. 

-  The  new  Biological  Evaluation  Branch  was  authorized  in  CTEP. 
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C .   Clinical 
Breast  Cancer: 

-  Studies  at  NCI-Milan  now  show  that  pre  and  postmenopausal 
females  with  Stage  II  breast  cancer  receiving  adequate  doses  of 
combination  chemotherapy  have  improved  overall  survival  to 
untreated  patients. 

-  National  Surgical  Adjuvant  Breast  Cancer  Project  #B-09  has 
demonstrated  that  the  addition  of  an  antiestrogen  drug  to 
chemotherapy  improves  disease  free  survival  in  postmenopausal 
women  with  Stage  II  breast  cancer.   This  improvement  is  seen  in 
patients  whose  tumors  contained  estrogen  receptor  proteins. 

Lung  Cancer: 

-  A  Lung  Cancer  Study  Group  protocol  testing  intrapleural  BCG 
as  adjuvant  to  surgery  has  proved  this  to  be  no  better  than 
surgery  alone. 

-  This  same  protocol  clarified  the  staging  of  non-oat  cell  lung 
cancer  by  showing  that  one  group  of  WHO  Stage  I  patients  (TiNq) 
had  a  much  better  prognosis  that  other  Stage  I  patients  (TjNi, 
T2N0).   The  TjNq  patients  have  a  90%  disease  free  survival  with 
surgery  alone  while  the  TiNi  and  T2N0  patients  have  survivals 
of  50%. 

-  A  Lung  Cancer  Study  Group  protocol  in  resected  Stage  II  and  III 
patients  has  shown  that  cyclophosphamide,  adriamycin,  and 
platinum  chemotherapy  is  superior  to  immunotherapy  as  an 
adjuvant  to  surgery. 

Rectal  Cancer: 

-  Major  advances  in  the  adjuvant  therapy  of  rectal  cancer  have 
been  achieved  through  studies  supported  by  the  DCT.   The 
Gastrointestinal  Tumor  Study  Group  has  shown  that  treatment 
with  radiation  therapy,  chemotherapy,  or  radiation  plus  chemo- 
therapy is  statistically  superior  to  no  postoperative  therapy. 

Gastric  Cancer: 

-  The  Gastrointestinal  Tumor  Study  Group  has  shown  that  the  com- 
bination of  chemotherapy  and  radiation  therapy  has  resulted  in 
20%  disease  free  survival  at  3-4  years  in  patients  with  par- 
tially resected  gastric  cancer.   All  patients  with  this  stage 
of  disease  die  with  no  therapy. 
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-  DCT  supported  combination  chemotherapy  studies  in  advanced 
gastric  cancer  have  shown  that  the  combinations  of  5FU,  adria- 
mycin,  mitomycin-C  (FAM)  produces  a  50-50%  response  rate. 
Previously,  the  response  rate  in  gastric  cancer  was  20%. 

Small  Cell  Cancer  of  the  Lung: 

-  The  use  of  combinations  of  drugs  along  with  X-ray  therapy  has 
improved  survival  of  patients  with  extensive  small  cell  lung 
cancer.   The  use  of  this  regimen  in  patients  with  limited  dis- 
ease has  produced  long-term  survivors  free  of  cancer.   Several 
clinical  trials  have  confirmed  these  results. 

Osteosarcoma: 

-  A  controlled  prospectively  randomized  study  of  adjuvant  high 
dose  methotrexate  performed  at  the  Mayo  Clinic  has  shown  this 
treatment  to  be  no  better  than  surgery  alone.   This  finding 
will  allow  initiating  of  well-controlled  studies  to  test 
aggressive  combined  modality  therapy  in  this  disease. 
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Chairman,  Clinical  Trials  Subcommittee,  U.S.  -  France 

Agreement 
Member,  NCI  -  Pan  American  Health  Organization  (PAHO) 

Treatment  Research 
Participant  in  George  Washington  University  Oncology 

Conferences  which  occur  monthly 
Participant  in  Georgetown  University  Oncology  and  Immunology 

Courses 
Consultant,  Medical  Oncology  Society  (France) ,  1979 
Coordinator  for  Clinical  Cancer  Treatment,  U.S.  -  Italy 

Agreement 
Consultant  in  Oncology,  Washington  Clinic 

VIII.  Conferences 

1.  Osteosarcoma  Meeting,  11/12/79 

2.  Phase  I  Working  Group  Meeting,  11/28/79 

3.  Brain  Tumor  Study  Group,  12/7/79 

4.  Cooperative  Group  Chairmen,  12/13/79 

5.  Cooperative  Group  Administrators,  12/14/79 

6.  New  Drug  Seminar  on  L-Asparaginase  and  Daunorubicin, 

12/17-18/79 

7.  NCI  Symposium  on  Nutrition  of  the  Cancer  Patient, 

1/10-11/80 

8.  Cooperative  Group  Chairmen,  2/12/80 

9.  Cooperative  Group  Administrators,  2/12/80 

10.  New  Drug  Liaison  Meeting,  2/29/80 

11.  Hyperthermia  Working  Group,  2/29/80 
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12.  Radiosensitizer/Radioprotector  Working  Group, 

3/27/80 

13.  Cell  Markers  in  Leukemia,  3/4-5/80 

14.  Intraoperative  XRT  Workshop,  3/14/80 

15.  Phase  I  Working  Group,  3/18/80 

16.  Soft  Tissue  Sarcoma  Discussion  Group,  4/9/80 

17.  Workshop  on  Lung  Injury  due  to  Radiation  and/or 

Chemotherapy,  4/18/80 

18.  High  LET  Therapy  Workshop,  5/16/80 

19.  Conference  with  Laetrile  Principal  Investigators, 

5/26/80 

20.  Clinical  Trials  Subcommittee,  U.S.  -  France  Agreement, 

5/27-28/80 

21.  Consensus  Development  on  Breast  Cancer,  7/14-16/80 

22.  Phase  I  Working  Group,  7/16/80 

23.  Head  and  Neck  Conference,  9/8-10/80 

24.  Workshop  on  Pediatric  Cancer  and  Nutrition,  9/29/80 


IX.   Foreign  Visitors 

1.  Dr.  Soto  -  Mexico  -  10/26/79 

2.  Dr.  Korec  -  Czechoslovakia  -  10/24/79 

3.  Delegation  from  Peoples  Republic  of  China  -  11/2/79 

4.  Madame  Trestle  -  France  -  11/7/79 

5.  Prof.  Boiron  -  France  -  12/19/79 

6.  Visit  with  Representatives  of  Prof.  Mathe's  Group  - 

France  -  12/21/79 

7.  Ms.  Valagusa  -  Italy  -  2/19/80 

8.  Dr.  Van  der  Velde  -  The  Netherlands  -  3/19/80 

9.  Dinner  at  the  Peoples  Republic  of  China  Embassy  - 

4/28/80 

Li  Ping  -  Peoples  Republic  of  China  -  4/29/80 

Strander  -  Sweden  -  4/29/80 

Majima  -  Japan  -  5/2  2/8  0 

Jasmin  -  France  -  6/2/80 
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TABLE  1 


Country 
France 

Japan 
U.S.S.R. 

U.K. 

Poland 

Germany 

China 


South  America 
(PAHO) 


DIVISION  OF  CANCER  TREATMENT 

INTERNATIONAL  ACTIVITIES 

I.  BILATERAL  AGREEMENTS 

Treatment  Research  Areas 

Clinical  Pharmacology,  Phase  I/II 
Trials,  GI  Cancer 

Drug  Development,  GI  Cancer 

New  Drugs;  Lung,  Breast  &  Ovarian 
Cancers 

Drug  Development,  Clinical 
Pharmacology 

Pediatric  Oncology 

New  Drugs 

Epidemiology,  New  Drugs 
Clinical  Trials 

Clinical  Trials 
New  Drugs 
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TABLE  2 


division  of  cancer  treatment 

interinIational  activities 

II.  miscellaneous  programs 


Program 
NCI  -  Canada 
NCI  -  Cairo  University 


Cancer  Chemotherapy  Center 
Japan 

Institute  Jules  Bordet  - 
Belgium 


Treatment  Resea:rch  Area 

New  Drug  Trials 

Bladder  Cancer,  Head  &  Neck 
Cancer 

Information  on  Drug  Development 
and  Clinical  Trials 

Information  on  Drug  Development 
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TABLE  3 

GRANT-SUPPORTED  COOPERATIVE  GROUP  PROGRAM 

Multimodal  Multidisease  Groups 

Cancer  and  Leukemia  Group  B  (CALGB) 
Eastern  Cooperative  Oncology  Group  (ECOG) 
Southeastern  Cancer  Study  Group  (SEG) 
Southwest  Oncology  Study  Group  (SWOG) 
Childrens  Cancer  Study  Group  (CCSG) 


Multimodal  Single  Disease  Groups 

Gynecological  Oncology  Group  (GOG) 
National  Wilms'  Tumor  Study  Group  (NWTSG) 
Polycythemia  Vera  Study  Group  (PVSG) 


Single  Modality  Group 

Radiation  Therapy  Oncology  Group  (RTOG) 

Single  Modality,  Single  Disease  Group 
Radiotherapy  Hodgkin's  Disease  Group  (RHDG) 

Regional  Groups 

Northern  California  Oncology  Group  (NCOG) 
North  Central  Cancer  Therapy  Group  (NCCTG) 

Special  Activities  Groups 

Lymphoma  Pathology  Reference  Center  (LPRC) 
Radiologic  Physics  Center  (RPC) 

Cooperative  Clinical  Coordinating  Center  (CCCC) 
European  Organization  for  Research  on  Treatment  for  Cancer 
(EORTC)  Data  and  Statistical  Center 


Multimodal  Single  Disease  Group 
(partially  contract  funded) 

National  Surgical  Adjuvant  Breast  and  Colorectal  Project 
(NSABP) 
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TABLE  4 


DIVISION  OF  CANCER  TREATMENT 
I.   CLINICAL  EVALUATION  OF  NEW  DRUGS: 
CONTRACT-SUPPORTED  ACTIVITIES  (19  80) 


Institution 
Georgetown  University 
Mayo  Clinic 

M.D.  Anderson 


Principal  Investigators 

P.  Woolley,  P.  Schein* 

J.  Kovach,  J.  Edmonson, 
C.  Moertel* 

G.  Bodey 


Memorial  Sloan-Kettering    C.  Young,  J.  Burchenal 
Cancer  Center 


Mount  Sinai  Cancer 
Center 

Sidney  Farber  Cancer 
Institute 

University  of  Kansas 

University  of  Vermont 

University  of  Wisconsin 

Wayne  State  University 


T .  Ohnuma 

E.  Frei ,  G.  Canellos 

B.  Hoogstraten 

I.  Krakoff 

H.  Davis 

L.  Baker 


Phase 
I,  II* 
I/II,  II/III 

I/II,  II/III 
I/II,  II/III 


I,  II/III 

I 
I 
I 
I/II,  II/III 


*Gastrointestinal  Cancer  only 
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TABLE  5 


DIVISION  OF  CANCER  TREATMENT 

II.  DISEASE  STUDY  GROUPS 
Contract-supported  Clinical  Trials  (1980) 


NO.  OF 
NAME   CONTRACTS    DISEASE 


BTSG 

11 

BRAIN 

GITSG 

8 

COLON,  RECTAL 

GITSG 

6 

GASTRIC 

GITSG 

4 

PANCREAS 

LCSG 

7* 

LUNG 

NSABP 

1* 

COLON,  RECTAL 

HNCSG 

8* 

HEAD  &  NECK 

WHO 

1* 

MELANOMA 

PHASE 


II/III 

IV 

II/III/IV 

II/III/IV 

IV 

IV 

IV 

III/IV 


MEAN 
ANNUAL 
ACCRUAL 


432 
110 
150 
80 
200 
420 
150 
110 


*Additional  subcontracting  institutions  not  shown. 


TABLE  6 


DIVISION  OF  CANCER  TREATMENT 

III.  MISCELLANEOUS  STUDY  RESOURCES 
Other  Non-Grant  Supported  Clinical  Trials  (1980) 


Group  or 
Institution 

M.D.  Anderson 

Georgetown 

VASOG 

NCI-Milan 


Principal 
Investigator 

G.  Bodey 

P.  Schein 

G.  Higgins 

U.  Veronesi 
G.  Bonadonna 


Study  Area 
Protected  Environment 
GI ,  Nutrition  Research 
Adjuvant  GI ,  Lung 
Breast  Cancer 
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CLINICAL  INVESTIGATIONS  BRANCH  (CIB) 

Introduction 

The  Clinical  Investigations  Branch  (CIB)  is  responsible  for  the  scientific 
administration  of  the  national  cooperative  clinical  trials  groups  (the 
Cooperative  Group  Program).  It  is  also  responsible  for  scientific  monitoring 
of  the  Phase  II/III  contracts,  the  disease-oriented  contracts,  the  individual 
investigator-initiated  clinical  oncology  grant  program,  the  nutrition  grant 
program,  the  interagency  agreements,  the  surgical  oncology  grant  program,  and 
the  Intergroup  Testicular  study.  Lastly,  it  is  responsible  for  scientific 
administration  of  the  Program  Project  grants. 

Personnel 


Raymond  B.  Weiss,  M.D.  -  Chief 

Edwin  M.  Jacobs,  M.D.  -  Associate  Chief 

Daniel  G.  Haller,  M.D.  -  Head,  Medical  Section 

Roger  H.  Halterman,  M.D.  -  Program  Director,  Program  Project  Grants 

Joseph  C.  Allegra,  M.D.  -  Senior  Investigator 

Richard  S.  Ungerleider,  M.D.  -  Senior  Investigator 

William  D.  DeWys,  M.D.  -  Special  Assistant  for  Nutrition 

Daniel  L.  Kisner,  M.D.  -  Special  Assistant  for  Nutrition 

Gregory  T.  Wolf,  M.D.  -  Special  Assistant  for  Surgical  Oncology 

Brenda  Edwards,  Ph.D.  -  Statistical  Consultant 

Ms.  Elise  Mackie  -  Program  Analyst 

Mrs.  Barbara  Shepherd  -  Secretary  to  the  Chief  and  Grants  Assistant 

Ms.  Elaine  Lewis  -  Secretary  to  the  Associate  Chief 

Mrs.  Jan  Kostyk  -  Secretary  to  Drs.  Haller,  Allegra  and  Ungerleider 

Mrs.  Wilma  Kline  -  Secretary  to  Drs.  Wolf  and  DeWys 

Ms,  Anne  Gooding  -  Secretary  to  Dr.  DeWys 

Ms.  Kathleen  Fanning  -  Assistant  to  the  Program  Analyst 

Ms,  Jan  Wright  -  Secretary  to  Dr.  Halterman 


Dr.  Weiss  is  responsible  for  the  overall  administration  of  the  Branch  and 
coordination  of  its  activities  with  the  Cancer  Therapy  Evaluation  Program, 
the  Grants  Administration  Branch,  the  Cancer  Clinical  Investigation  Review 
Committee  (CCIRC),  and  the  National  Cancer  Advisory  Board.  He  also  supervises 
the  Project  Officers  on  clinical  contracts,  and  the  Program  Directors  on 
grants.  He  is  the  Project  Officer  for  the  VA  Surgical  Oncology  Group  (VASOG) 
Interagency  Agreement  and  the  Istituto  Nazionale  dei  Tumori  contract.  He  is 
Chairman  of  the  Clinical  Oncology  Review  Committee  and  Acting  Head  of  the 
Surgery  Section,  CIB. 

Dr.  Jacobs  serves  as  Associate  Chief  of  the  CIB  and  Program  Director  for  the 
Clinical  Cooperative  Group  program.  He  coordinates  the  program  review  with 
the  Executive  Secretary  of  the  CCIRC,  the  review  body  for  the  Cooperative 
Group  Program.  He  is  administrator  for  the  Group  protocols.  He  is  also  the 
Project  Officer  for  the  Memorial  Hospital  Phase  II/III  contract  and  serves  as 
study  chairman  for  the  National  Intergroup  Testicular  Adjuvant  protocol. 
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Dr.  Haller  is  Head  of  the  Medicine  Section  of  the  CIB.  He  is  Project  Officer 
for  the  Ovarian  Cancer  Study  Group  contracts  and  the  Gastrointestinal  Tumor 
Study  Group.  He  is  also  Project  Officer  for  the  Mayo  Clinic  Phase  II  GI 
contract,  the  Emmes  Corporation  Statistical  contract,  the  M.D.  Anderson  Pro- 
tected Environment  contract,  and  the  Wayne  State  and  M.D.  Anderson  Phase  II/III 
contracts. 

Dr.  Halterman  is  Program  Director  for  the  Program  Project  grants.  He  coordin- 
ates review  of  these  grants  with  the  Clinical  Cancer  Program  Project  Review 
Committee  in  conjunction  with  the  Executive  Secretary. 

Dr.  Allegra  is  Project  Officer  for  the  Mayo  Clinic  and  Sidney  Farber  Cancer 
Institute  Phase  II/III  contracts,  the  NSABP  colorectal  and  breast  cancer 
contracts,  and  the  endometrial  cancer  contract.  He  is  also  Project  Officer 
for  the  Lung  Cancer  Study  Group  contracts. 

Dr.  Ungerleider  is  the  Project  Officer  for  the  Phase  II  Georgetown  gastro- 
intestinal contract  and  the  Georgetown  GITSG  contract.  He  is  the  CIB  pedi- 
atric liaison  to  the  Cooperative  Groups  which  are   conducting  studies  of 
pediatric  cancers.  He  has  also  spent  25%  of  his  time  working  in  the  Pediatric 
Oncology  Branch  laboratories. 

Dr.  DeWys  is  Program  Director  for  the  ROl  Nutrition  and  Clinical  Treatment 
Grant  Programs.  He  has  taken  over  responsibility  of  the  Nutrition  Contract 
program  from  Dr.  Kisner.  He  is  CTEP  consultant  to  the  Testicular  Cancer 
Intergroup  Study. 

Dr.  Kisner  was  the  Project  Officer  for  the  M.D.  Anderson  Phase  II/III  contract 
the  M.D.  Anderson  Protected  Environment  contract,  the  Adult  TPN  contract  Group, 
the  Anorexia  Contract  Group,  and  the  Pediatric  TPN  Contract  Group  until  Janu- 
ary 1980  when  he  went  on  an  extended  assignment  in  Brussels,  Belgium  as  CTEP 
representative  to  EORTC. 

Dr.  Wolf  is  Project  Officer  for  the  Head  and  Neck  contracts  and  Special 
Assistant  for  the  ROl  Surgical  Oncology  grant  program.  He  is  CTEP  consultant 
for  surgical  oncology.  He  also  has  been  working  in  the  Surgery  Branch  labora- 
tories on  serologic  investigations  in  patients  with  head  and  neck  carcinoma. 

Dr.  Edwards  is  CTEP  consultant  for  statistics  and  works  part-time  in  the  CIB 
helping  with  protocol  review.   Her  main  affiliation  is  with  the  Biometry 
Branch  of  the  Division  of  Cancer  Treatment  (DCT). 

Ms.  Mackie  undertakes  all  special  projects  and  analyses  which  are   needed  for 
the  CIB  program.  As  Executive  Secretary  for  the  Clinical  Oncology  Review 
Committee  (CORC)  she  is  the  liaison  and  coordinator  for  all  contract  reviews. 
In  addition,  she  supervises  review  of  protocols  and  maintenance  of  protocol 
files.  She  is  also  Project  Officer  for  the  ECTO  contract  and  liaison  for  the 
NCI-PAHO  contract. 
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Mrs.  Shepherd  acts  as  administrative  secretary  for  the  Branch  and  is  the 
grants  administration  coordinator  for  the  ROl  grant  program  (Cancer  Treatment, 
Nutrition,  and  Surgery).  She  also  assists  with  CORC  committee  administrative 

work. 

Ms.  Lewis  is  secretary  to  the  Associate  Chief,  and  acting  as  program  technical 
assistant,  coordinates  cooperative  group  protocol  review  and  grant  admini- 
stration . 

Mrs.  Kostyk,  Ms.  Gooding,  Mrs.  Kline,  and  Mrs.  Wright  serve  as  secretaries 
to  senior  staff. 

Ms.  Fanning  assists  in  the  maintenance  of  protocol  files  and  reports.  She 
also  aids  in  preparation  for  the  CORC  meetings. 

CIB  PROGRAMS 

Cooperative  Groups:  Overview 

The  Cooperative  Group  Program  began  under  the  auspices  of  the  Cancer  Chemo- 
therapy National  Service  Center  (CCNSC)  and  was  primarily  created  to  test  the 
activity  of  the  many  new  agents  emerging  through  the  effort  of  the  NCI  drug 
development  program.  It  provided  the  majority  of  the  information  on  activity 
of  new  drugs  through  Phase  I  and  II  testing.  The  program  underwent  many 
administrative  changes  in  the  ensuing  years:  CCNSC  1955-66;  Chemotherapy 
1966-1968;  Extramural  Activities  1968-1972;  Division  of  Cancer  Research, 
Resources,  and  Centers  1972-75. 

As  interest  in  combined  modality  approaches  to  cancer  treatment  grew,  the 
image  of  the  groups  changed  to  reflect  this  new  approach.   In  August  of  1975 
the  Cooperative  Group  Program  was  incorporated  into  the  Division  of  Cancer 
Treatment  in  the  interest  of  better  coordination  and  centralization  of 

therapeutic  research. 

The  Groups  benefited  through  these  successive  changes,  and  the  program  has 
progressively  expanded.  Mul tidiscipl inary  expansion  has  occurred  since  1966 
as  the  opportunities  for  clinical  trials  of  adjuvant  therapy  and  combined 
modality  trials  became  apparent.  When  the  Division  of  Cancer  Treatment 
assumed  administrative  responsibility  for  the  groups  in  August  of  1975,  these 
efforts  were  intensified  through  supplements  for  mul tidisciplinary  expansion. 
The  Groups'  accomplishments  were  reviewed  by  the  OCT  Board  of  Scientific 
Counselors  (BSC)  in  March  1979.  The  large  compliation  of  material  prepared 
by  the  Groups  for  this  meeting  will  be  published  in  late  1980-81.  A  sub- 
committee of  the  BSC  is  in  the  process  of  preparing  a  final  report  and  series 
of  recommendations  regarding  the  Groups  which  will  be  presented  to  the  BSC. 
In  FY'80  the  funding  for  the  Cooperative  Group  Program  was  $35.5  million. 
The  Groups  cover  a  wide  range  of  activities  and  vary  from  large  multidis- 
cipline,  multidisease  study  groups  to  single  activity  groups. 
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I.  Multimodality  Multidisease  Groups 

1.  Cancer  and  Leukemia  Group  B  (CALGB) 

2.  Eastern  Cooperative  Oncology  Group  (ECOG) 

3.  North  Central  Cancer  Treatment  Group  (NCCTG) 

4.  Northern  California  Oncology  Group  (NCOG) 

5.  Southeastern  Cancer  Study  Group  (SEG) 

6.  Southwest  Oncology  Group  (SWOG) 

II .  Multimodality  Groups  Devoted  to  a  Major  Oncologic  Area 

1.  Children's  Cancer  Study  Group  (CCSG) 

2.  Gynecologic  Oncology  Group  (GOG) 

III.  Single  Modality  Group 

1.  Radiation  Therapy  Oncology  Group  (RTOG)* 
IV.  Single  Disease  Groups 

1.  Intergroup  Ewing's  Sarcoma  Study  (lESS) 

2.  Intergroup  Rhabdomyosarcoma  Study  (IRS) 

3.  National  Surgical  Adjuvant  Breast  and  Bowel  Project  (NSABP) 

4.  National  Wilms'  Tumor  Study  Group  (NWTG) 

5.  Polycythemia  Vera  Group  (PVG) 

6.  Radiotherapy  Hodgkin's  Disease  Group  (RHDG) 

V.  Special  Activities  Groups 

1.  Clinical  Coordinating  Center  for  Statistics  (CCC) 

2.  European  Organization  for  Research  on  Treatment  for  Cancer  (EORTC) 
Operations  and  Statistical  Office 

3.  Lymphoma  Pathology  Reference  Center  (LPRC) 

4.  Radiologic  Physics  Center  (RPC)* 

*  Administrative  responsibility  transferred  to  the  Radiation  Development 
Branch  (RDB)  of  the  CTEP  in  1980. 

The  Type  I  groups  are  large  and  involve  members  from  many  disciplines:  medical 
oncology,  radiation  oncology,  surgery,  pathology,  immunology,  pediatrics, 
psychiatry,  and  nursing.  A  statistical  office  provides  data  management  and 
analysis  for  each  group  with  an  extensive  updating  of  results  of  each  protocol 
at  least  every   5  months. 

The  Cancer  and  Leukemia  Group  B  started  out  in  the  1950's  and  early  1960's 
treating  only  hematologic  malignancies.   It  is  now  fully  multimodal  and  has 
protocols  for  many  solid  tumors  not  previously  investigated  by  this  group 
such  as  oral  and  rectal  carcinomas.  A  new  area  of  interest  is  psychiatry  in 
which  patients  on  protocol  will  be  studied  for  their  reactions  to  their 
disease  and  its  treatment.  The  pediatric  component  of  the  CALGB  was  disap- 
proved by  the  CCIRC  and  the  investigators  have  now  joined  the  Pediatric 
Division  of  SWOG. 
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The  Eastern  Cooperative  Oncology  Group  grew  out  of  the  old  Eastern  Solid 
Tumor  Study  Group.  It  remains  heavily  committed  to  mul timodality  solid 
tumor  studies,  but  has  substantially  increased  its  activities  in  combined 
modality  studies  and  in  hematologic  malignancies. 


The  three-year  old  Northern  California  Oncology  Group  has  been  steadily  ex- 
panding its  multidisciplinary  activities  in  gliomas,  genitourinary  cancer, 
and  head  and  neck  cancer.  They  are  also  participating  in  the  Head  and  Neck 
contract  in  addition  to  the  Intergroup  Testicular  Cancer  Study.  They  consti- 
tute one  model  of  a  regional  cooperative  group. 

The  Southeastern  Group  underwent  a  reorganization  of  major  proportions  several 
years  ago.  Previously,  studies  in  leukemia  and  lymphoma  were  its  trademark. 
They  have  now  undertaken  combined  modality  treatment  in  lung  cancer  and  mela- 
noma and  exhibit  great  potential  for  multidisciplinary  studies  in  genito- 
urinary cancer.  They  also  have  a  strong  nursing  committee  which  makes  contri- 
butions to  biannual  meetings  and  are  developing  some  of  their  own  protocols. 

The  Southwest  Oncology  Group  has  been  a  real  leader  in  multidisciplinary 
organization.  Largest  of  the  groups,  with  an  annual  case  accrual  of  over 
6,000  patients,  this  group  possesses  the  size  and  flexibility  to  rapidly  carry 
out  Phase  III  and  IV  studies.  They  also  have  a  major  commitment  to  Phase  II 
studies.  This  past  year  the  former  investigators  of  the  CALGB  have  joined  the 
SWOG  Pediatric  Division  which  is  currently  developing  its  own  statistical 
center,  and  may  eventually  become  a  large  independent  pediatric  group. 

The  Childrens  Cancer  Study  Group  is  a  mul timodal ity  organization  concerned 
exclusively  with  pediatric  malignancies.  They  have  initiated  a  variety  of 
Phase  II  and  III  studies  and  have  begun  to  collect  information  about  the  long 
term  effects  of  cancer  and  its  therapy.  They  recently  decided  to  give  more 
emphasis  to  innovative  pilot  studies  among  select  institutions  while  maintain- 
ing their  interest  in  broad-based  studies. 

The  Gynecologic  Oncology  Group  has  made  noteworthy  progress  in  amalgamating 
the  specialties  of  gynecology,  radiation,  medical  oncology  and  pathology  for 
research.  They  have  done  a  systematic  analysis  of  Phase  II  drug  activity  in 
gynecologic  malignancies.  They  have  joined  with  the  Ovarian  Contract  Group 
for  the  early  disease  ovarian  cancer  study. 

The  Radiation  Therapy  Oncology  Group  conducts  radiation  therapy  research  with 
variations  of  fractionation  and  use  of  hypoxic  cell  sensitizers.  They  also 
collect  long-term  statistical  information  on  radiation  therapy  registries. 
Although  the  RTOG  is  based  on  the  application  of  a  single  therapeutic  modality, 
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they  have  explored  the  combination  of  radiation  therapy  with  chemotherapy. 
New  directions  include  high  LET  radiotherapy  techniques  and  the  use  of  hyper- 
thermia. The  RTOG  has  now  been  transferred  to  the  Radiation  Development 
Branch  of  the  CTEP. 

The  Intergroup  Ewing's  Sarcoma  Study  is  conducted  by  members  of  the  two 
pediatric  cooperative  groups.  Since  its  inception  in  1973  it  has  accumulated 
the  largest  group  of  patients  with  Ewing's  sarcoma  in  any  study  in  the  world. 
IESS-1  demonstrated  that  addition  of  either  adriamycin  or  bilateral  pulmonary 
irradiation  to  chemotherapy  with  VAC  improves  response  and  survival  of  child- 
ren with  nonmetastatic  disease.  IESS-2  has  as  its  objective,  improved  sur- 
vival and  relapse-free  survival  rates  with  the  fewest  long-term  complications. 

The  Intergroup  Rhabdomyosarcoma  Study  Group  is  composed  of  members  of  SWOG 
and  CCSG.  Their  first  study  developed  a  staging  system,  demonstrated  varied 
prognoses  depending  on  site,  and  evaluated  the  effect  of  multimodal  therapy. 
Their  next  study  has  incorporated  special  treatment  considerations  relating 
to  primary  site  of  disease. 

The  National  Surgical  Adjuvant  Breast  and  Bowel  Project  is  one  of  the  out- 
standing multimodal ity  groups.   In  the  past,  it  focused  exclusively  on  primary 
treatment  of  breast  cancer,  but  now  it  is  involved  in  studies  of  primary  colo- 
rectal cancer  too.  Major  contributions  to  our  theory  and  practice  of  adjuvant 
chemotherapy  have  been  accomplished  by  this  group  in  the  last  8  years.  A 
current  major  study  is  comparing  segmental  mastectomy  with  or  without  radio- 
therapy to  total  mastectomy. 

The  National  Wilms'  Tumor  Study  Group  is  an  intergroup  organization  incorpor- 
ating the  three  pediatric  cooperative  groups  along  with  several  independent 
investigators.  Their  third  study  (NWTS-3)  opened  last  year  and  is  primarily 
concerned  with  refinement  of  therapy.  NWTS-1  and  2  conclusively  demonstrated 
that  most  children  with  this  tumor  can  now  be  expected  to  survive  if  they  are 
managed  by  combined  modality  therapy  from  the  outset,  and  that  prognosis  is 
closely  related  to  histopathologic  findings. 

The  Polycythemia  Vera  Study  Group  has  protocols  to  determine  the  natural  his- 
tory, course,  and  optimum  therapy  of  polycythemia  vera  and  related  myelopro- 
liferative disorders. 

The  Radiotherapy  Hodgkin's  Disease  Group  has  studied  whether  survival  in  local- 
ized Hodgkin's  disease  was  different  when  patients  received  involved  fields  of 
radiation,  or  extended  fields.  The  trial  is  presently  in  followup  only. 

The  following  special  activities  groups  provide  support  services  for  groups: 

The  Clinical  Coordinating  Center  is  a  large  statistical  center  located  at 
Sidney  Farber  Cancer  Institute  which  provides  data  processing  and  statistical 
services  and  consultation  for  ECOG  and  RTOG.   It  has  made  some  noteworthy  con- 
tributions to  statistical  science  in  clinical  trials. 

The  Operations  and  Statistical  Office  of  the  EORTC  is  also  funded  by  the  DCT. 
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The  Lymphoma  Pathology  Reference  Center  provides  expert  review  of  pathological 
material  for  the  groups  performing  therapeutic  research  in  malignant  lymphoma. 

Quality  control  and  accurate  dosimetry  monitoring  are  vital  in  radiation 
therapy.  The  RPC  provides  the  initial  calibration  of  all  radiotherapy  equip- 
ment and  aids  the  groups  in  the  necessary  continuing  quality  control. 

Cooperative  Groups  Summary 

Phase  I  and  broad  Phase  II  trials  comprised  a  substantial  effort  in  the  past, 
but  now  this  emphasis  has  changed  toward  Phase  III  and  combined  modality 
studies  with  curative  intent  (adjuvant  studies).  Change  in  direction  is  also 
indicated  by  specialties  represented  by  group  members.  There  has  been  a 
steady  increase  in  the  groups'  medical  oncologists  and  pediatric  oncologists 
over  the  years,  and  the  large  increase  in  numbers  of  pathologists,  radiothera- 
pists, surgeons,  and  other  physicians  in  the  past  three  years  is  impressive 
and  is  a  direct  reflection  of  the  move  toward  the  mul tidisciplinary  clinical 
research  of  cancer. 

The  scientific  progress  of  the  groups  is  reflected  in  publications:  262  papers 
published  or  accepted  for  publication,  and  135  abstracts  presented  and/or  pub- 
lished at  national  and  international  meetings  in  FY'80. 

Some  specific  areas  where  noteworthy  contributions  have  been  made  by  the 
Cooperative  Groups  include: 

1)  Improved  statistical  methods  for  conducting  clinical  trials. 

2)  Definition  of  prognostic  factors  in  childhood  leukemia. 

3)  Progressively  improved  therapy  in  leukemia  with  improved  survival. 

4)  Intergroup  trials  in  Wilms'  tumor  widely  extending  the  benefit  of  com- 
bined modality  therapy. 

5)  Combined  modality  therapy  of  Ewing's  sarcoma,  rhabdomyosarcome,  and  os- 
teosarcoma with  improved  survival  in  these  tumors. 

6)  Delineation  of  the  natural  history  of  polycythemia  vera. 

7)  An  understanding  of  cell  kinetics  and  tumor  burden  in  myeloma. 

8)  Further  refinement  of  the  combined  modality  and  chemotherapy  of  Hodgkin's 
disease. 

9)  Development  of  testing  of  combination  chemotherapy  of  non-Hodgkin' s 
lymphoma . 

10)  Large  scale  adjuvant  irials  in  operable  breast,  colon,  and  rectal  cancer 
which  should  define  the  current  promise  of  long-term  chemotherapy  of 
micrometastases. 

11)  Evaluation  of  adriamycin  and  daunorubicin  in  AML  with  improved  thera- 
peutic results. 

12)  Demonstration  of  the  role  of  1-asparaginase  in  ALL  treatment. 

13)  Large  scale  trials  of  combined  modality  therapy  of  small  cell  lung  cancer, 

14)  Conducted  studies  where  exaggerated  results  of  preliminary  studies  were 
refuted  by  carefully-done  randomized  multi-institutional  trials. 

15)  Initiation  of  an  Intergroup  (national)  Stage  I  and  II  Testicular  cancer 
trial . 

16)  Initiation  of  an  Intergroup  Mesothelioma  study. 
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Contract  Programs  of  the  CIB 

In  June  1977  the  Combined  Modality  Branch,  which  had  responsibility  for 
contracts,  and  the  Clinical  Investigations  Branch  combined  to  form  the  present 
CIB.  Since  the  reorganization  of  the  CIB,  the  program  has  disease  coordin- 
ators for  all  diseases,  as  well  as  modality-directed  staff.  All  protocols  are 
reviewed  on  an  internal  basis  with  the  occasional  assistance  of  outside  con- 
sultants. 

The  contracts  administered  under  the  CIB  are  divided  into  the  following  cate- 
gories: 

Phase  II/III  drug  evaluation,  disease-oriented  studies  by  cooperative  groups, 
ancillary  supportive  care  contracts  including  nutrition,  and  statistical 
support  for  contract-funded  groups.  Below  is  a  listing  of  these  contracts: 

A.  Phase  II/III  Drug  Evaluation  Contracts 

1 )  Mayo  Clinic 

2)  M.D.  Anderson  Hospital 

3)  Wayne  State  University 

4)  Sidney  Farber  Cancer  Institute 

5)  Memorial  Sloan-Kettering  Cancer  Center 

B.  Statistical  Support  Contract 
1)  Emmes  Corporation 

C.  Administrative  and  Office  Support  Contract 
1)  ECTO  (Georgetown  University) 

D.  Disease-oriented  Cooperative  Group  Contracts 

1)  Gastrointestinal  Tumor  Study  Group 

2)  Ovarian  Cancer  Study  Group 

3)  Lung  Cancer  Study  Group 

4)  Endometrial  Cancer  Study  Group 

5)  Istituto  Nazionale  per  lo  Studio  e  la  Cura  dei  Tumori 

6)  National  Surgical  Adjuvant  Breast  and  Bowel  Project 

7)  Head  and  Neck  Contract  Group 

8)  WHO  Melanoma  Study  Group 

9)  Phase  II  Gastrointestinal  Cancer,  Georgetown  University 

10)  Phase  II  Gastrointestinal  Cancer,  Mayo  Clinic 

11)  M.D.  Anderson  Advanced  Ovarian  Cancer 

E.  Nutrition  Contracts 


1)  Adult  TPN  Contract  Group 

2)  Pediatric  TPN  Contract  -  M.D.  Anderson  Hospital 

3)  Nutritional  Assessment  -  Duke  University 
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4)  University  of  Pennsylvania 

5)  Istituto  di  Ricerche  Farmacologiche  "Mario  Negri" 

6)  Brookhaven  National  Laboratory 

7)  Massachusetts  General  Hospital 

8)  Texas  Institute  for  Rehabilitation  and  Research 

9)  Emory  University 

10)  Small  Cell  Cancer  TPN  Contract  Group 

n)  Anorexia  Treatment  Contract 

F.   Other  Supportive  Care  Contracts 

1)  M.D.  Anderson  Protected  Environment 

Overview  of  Contract  Program 

The  contract  program  was  started  in  1972  and  attempts  to  form  small  disease- 
oriented  multimodal ity  treatment  groups.   It  is  meant  to  be  complimentary  to 
the  trials  conducted  by  the  large  Cooperative  Groups  and  is  not  competitive 
with  them.  These  programs  are  started  whenever  NCI  staff  feels  a  certain 
disease  or  treatment  program  needs  emphasis.  The  contract  funding  for  FY'80 
amounted  to  $17,779,000  for  66  contracts.  The  new  Head  and  Neck  contract  has 
good  accrual.  The  Lung  Cancer  Study  Group  has  accrued  most  of  its  needed 
patients,  and  it  is  hoped,  will  give  us  an  answer  about  the  value  of  intra- 
pleural BCG.  The  GI  Cancer  Study  Group  has  one  of  the  best-planned  protocols 
to  determine  the  value  of  adjuvant  chemotherapy  for  colorectal  cancer.  The 
WHO  melanoma  studies  have  been  particularly  productive  in  answering  hotly  de- 
bated adjuvant  surgical  and  chemo-immunotherapy  questions  in  the  treatment  of 
primary  melanoma.  The  new  Small  Cell  Cancer  TPN  Group  is  studying  the  value 
of  TPN  plus  chemotherapy  in  the  treatment  of  this  '<jery   treatable,  but  almost 
incurable  tumor. 

Contracts  Progress  Summaries 

I .  M.D.  Anderson:  Phase  II/III 

The  contract,  which  is  in  its  final  year  of  funding,  seeks  to  investigate 
drug  activity  in  advanced  malignancies.  This  institution  has  studies  in 
Phase  II  trials  various  solid  tumors,  in  particular,  breast,  lung,  and 
colorectal  cancer  and  malignant  melanomas.  More  than  400  patients  were 
entered  in  the  last  year  in  these  studies  utilizing  m-AMSA,  Peptichemio, 
Bruceantin,  Vindesine,  Methyl-G,  and  PCNU. 

II.  Wayne  State:  Phase  II/III 

This  contract,  in  its  last  year  of  funding,  has  been  valuable  in  perform- 
ing Phase  II  evaluations  of  investigational  drugs  in  solid  tumor  patients 
who  are  generally  previously  untreated.  In  the  past  year  they  have  con- 
tinued their  evaluations  of  m-AMSA  in  lung,  breast,  and  colorectal 
cancers,  as  well  as  evaluations  of  Tamoxifen,  chlorozotocin,  gallium 
nitrate,  maytansine,  hexamethylmelamine,  and  dichl oromethotrexate. 
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III.  Mayo  Clinic:  Phase  II/III 

This  contract  is  designed  to  support  studies  in  solid  tumors  by  means  of 
prospective,  randomized,  controlled  clinical  trials  involving  the  use  of 
combined  modalities.  A  minimum  of  400  patients  per  year  are  treated. 
Major  disease  areas  in  this  contract  include  lung  cancer,  breast  cancer, 
sarcoma,  malanoma  and  gynecologic  tumors. 

IV.  Sidney  Farber:  Phase  II/III 

The  contractor  conducts  Phase  II/III  studies  in  patients  with  solid  dis- 
seminated tumors.  The  tumors  to  be  included  are  limited  to:  lung, 
breast,  melanoma,  soft  tissue  and  bone  sarcoma.  A  minimum  of  400 
patients  a  year  are  to  be  treated  with  no  less  than  25  patients  in  any 
tumor  type.  These  patients  are  treated  intensively  with  chemotherapy 
either  alone  or  in  combination  with  radiotherapy,  immunotherapy  or 
surgery  in  protocols  agreed  upon  by  the  Project  Officer  and  Principal 
Investigator. 

V.  Memorial  Hospital:  Phase  II/III 

This  contract  is  for  Phase  II/III  studies  to  detect  useful  therapeutic 
effects  of  new  drugs  alone  and  in  various  combinations  in  various  solid 
tumors.  This  contract  has  completed  54  months  of  a  5-year  contract. 
During  the  period  1977-80  a  total  of  1,159  patients  have  been  entered 
into  Phase  II  trials,  and  1,590  patients  into  Phase  III  trials  for  a 
total  of  2,749  entries.  Between  2/1/79  and  1/31/80,  233  patients  were 
entered  into  poly-drug  studies.  The  results  of  these  studies  are  re- 
ported in  56  papers  and  19  abstracts. 

VI.  Emmes  Corporation:  Statistical  Support  for  the  GITSG 

This  group  is  now  in  the  second  year  of  their  contract,  providing  sta- 
tistical support  and  data  processing  for  the  GITSG.  They  are  now  pro- 
viding support  for  11  protocols  in  gastrointestinal  malignancies  which 
are  either  active  or  in  follow-up. 

VII.  Support  Services  for  Extramural  Clinical  Trials  (ECTO) (Georgetown  Univ.) 

This  contract  provides  administrative  support  to  contract-funded  clinical 
research  projects:  Lung  Cancer  Study  Group,  Gastrointestinal  Cancer 
Study  Group,  Head  and  Neck  Contract  Project,  and  the  Intergroup  Testicu- 
lar Study.  Services  include:  assistance  in  protocol  and  forms  design; 
patient  randomization;  quality  control  of  data;  coordination  of  scien- 
tific activities  of  clinical  investigators  and  statisticians;  planning 
of  meetings;  preparation  of  meeting  agenda,  minutes  and  other  reports; 
and  related  administrative  tasks. 

VIII.  Gastrointestinal  Tumor  Study  Group 

This  consortium  consists  of  12  institutions  holding  contracts  in  gastric, 
pancreatic  and  colon  cancer.  The  gastric  and  pancreatic  contracts  are 
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in  the  final  year  of  funding  and  will  be  recompeted.   Important  events 
in  the  past  year  have  been: 

1.  Closing  of  the  colon  adjuvant  program,  and  opening  of  two  hepatic- 
directed  adjuvant  programs. 

2.  Closing  of  the  no-treatment  control  arm  in  the  rectal  adjuvant 
study,  because  of  better  disease  free  survival  in  chemotherapy, 
radiotherapy,  and  combined  modality  treatment  groups. 

3.  Phase  II  trials  in  advanced  gastric  and  pancreatic  cancer  are  con- 
tinuing to  accrue  rapidly. 

4.  New  protocols  are  being  designed  in  locally  unresectable  gastric 
cancer,  and  resected  gastric  cancer. 

IX.  Ovarian  Cancer  Study  Group 

There  are  currently  two  funded  members  of  this  group  (M.D.  Anderson 
Hospital  and  the  Mayo  Clinic,  one  institution  in  phase-out  (Roswell 
Park),  and  a  Pathology  Reference  Center  at  M.D.  Anderson  Hospital. 
These  studies  in  early  ovarian  cancer  have  prompted  other  groups  to 
study  these  patients  with  meticulous  surgical  staging,  and  therefore 
the  group  will  be  phased  out  in  the  near  future.  The  Gynecologic 
Oncology  Group  has  participated  in  the  OCSG  protocols  over  the  past 
year. 

X .  Lung  Cancer  Study  Group 

This  group  consists  of  the  Mayo  Clinic,  Vanderbilt  University,  M.D.  An- 
derson, Toronto,  UCLA,  and  the  Fred  Hutchinson  Cancer  Center.  The 
group  has  been  concerned  with  the  adjuvant  treatment  of  resectable  non- 
small  cell  lung  cancer.   Four  protocols  are  currently  active  and  over 
600  patients  have  been  randomized  to  date.  The  most  important  study 
compares  intrapleural  BCG  vs.  placebo  in  very   carefully  staged  patients 
with  Stage  I  disease.  So  far  the  disease-free  survival  is  identical. 

XI .   Endometrial  Cancer  Study  Group 

The  formation  of  this  contract  group  has  been  temporarily  postponed. 
Contractors  have  been  selected,  but  final  contracts  have  not  yet  been 

completed. 

XII .   Istituto  Nazionale  por  1e  Studio  e  la  Cura  dei  Tumori 

A  major  effort  in  breast  cancer  has  been  through  this  contract.   It  has 
dealt  primarily  with  adjuvant  therapy  of  resectable  disease,  and  its 
results  have  received  world-wide  attention.  The  Istituto  has  recently 
shown  an  improved  overall  survival  for  premenopausal  patients  treated 
with  CMF.  They  also  recently  reported  that  12  months  of  CMF  is  no  more 
effective  than  6  months.  A  re-analysis  of  disease-free  survival  among 
postmenopausal  patients  showed  a  clear  advantage  for  patients  receiving 
an  average  >7b%   drug  dose  compared  to  those  with  <75%  drug  doses. 
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XIII.  National  Surgical  Adjuvant  Breast  and  Bowel  Project 

A.  NSABP  Breast  Contract 

This  study  is  designed  to  support  the  study  of  adjuvant  treatment 
in  breast  cancer.  Currently,  protocols  B-04,  B-05,  B-07,  B-08 
are  closed  to  patient  accrual  although  all  patients  are  still 
being  followed.  Protocol  B-06  (segmental  mastectomy),  B-09 
(Tamoxifen)  and  B-10  (C-Parvum)  are  still  open  for  patient 
accrual.  New  clinical  studies  are   being  planned  for  Stage  I,  II 
and  III  breast  cancer. 

B.  NSABP  Colo-rectal  Contract 

This  contract  is  designed  to  support  randomized  controlled 
studies  using  adjuvant  therapy  in  treatment  of  colo-rectal  cancer. 
Present  studies  include  C-01  which  randomizes  patients  having 
Stage  B+C  colon  cancer  between  no  treatment,  chemotherapy,  and 
immunotherapy  and  R-01  which  randomizes  patients  having  Stage  B+C 
rectal  cancer  between  no  treatment,  radiotherapy  and  chemotherapy. 

XIV.  Head  and  Neck  Contract  Group 

The  Head  and  Neck  contracts  program  consists  of  six  individual  in- 
stitutions (University  of  Michigan,  University  of  Cincinnati,  Uni- 
versity of  Texas  at  Galveston,  Memorial  Sloan-Kettering  Hospital,  Uni- 
versity of  Maryland,  and  University  of  South  Florida)  and  two  coopera- 
tive groups  (Northern  California  Oncology  Group  and  Radiation  Therapy 
Oncology  Group).  They  are  testing  the  effect  of  adjuvant  chemotherapy 
on  survival  and  tumor  recurrence  among  patients  with  operable  squamous 
carcinoma  of  the  head  and  neck  treated  by  conventional  surgery  and 
postoperative  radiotherapy.  Current  patient  accrual  is  averaging  12 
patients  per  month.  The  induction  chemotherapy  regimen  has  been  well 
tolerated  and  has  resulted  in  no  delays  of  surgery.   It  is  too  early 
for  analysis  of  treatment  results.  Contractor  performance,  cooper- 
ation and  enthusiasm  has  been  high  and  continutation  of  this  level  of 
effort  is  predicted.  As  of  March  1980,  203  patients  have  been  entered 
in  the  trial . 

XV.  H.H.O.  Melanoma  Group 

This  group  has  completed  an  important  study  of  the  value  of  prophy- 
lactic regional  node  dissection  in  Stage  I  melanoma,  which  was  pub- 
lished in  the  New  England  Journal  of  Medicine.  The  study  still  does 
not  show  an  advantage  for  node  dissection  after  primary  tumor  removal. 

An  ongoing  trial  is  one  of  adjuvant  DTIC  vs.  BCG  vs.  DTIC  +  BCG  vs.  a 
no-treatment  control  for  Stage  II  melanoma.  The  interim  report  of 
this  study  shows  a  significant  difference  between  the  DTIC  group  and 
the  control  group  in  disease-free  survival.  Overall  survival  has  not 
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yet  been  conclusively  prolonged  in  the  group  receiving  DTIC.  Fur- 
ther followup  is  needed.  845  patients  have  been  entered,  so  ac- 
crual is  excellent. 

XVI.  Georgetown  University  Phase  II:  GI  Cancer 

Phase  II  studies  in  gastrointestinal  cancer  (gastric  and  pan- 
creatic), Georgetown  #97310.  This  contract  deals  with  Phase  II 
chemotherapy  studies  in  gastric  and  pancreatic  cancer.  There 
have  been  two  studies  initiated  under  this  contract  to  date: 

a.  cis-platinum  in  gastric  and  pancreatic  cancer; 

b.  5-FU,  adriamycin  and  platinum  in  advanced  measurable  adeno- 
carcinoma of  the  stomach. 

These  studies  are  new  and  there  have  been  no  significant  findings 
as  of  yet. 

XVII.  Mayo  Clinic  Phase  II  GI  Cancer 

This  contract  supports  studies  for  gastric,  pancreatic,  and 
colorectal  cancer  studies  Mayo  Clinic  has  entered  about  2  times 
as  many  patients  as  required.  Performance  has  been  very  high. 
Mayo  has  done  especially  good  work  in  evaluating  new  drugs  in 
colon  cancer,  but  unfortunately  no  newly  active  drugs  have  been 
identified. 

XVIII.  M.D.  Anderson  Hospital  Advanced  Ovarian  Cancer 

This  contract  is  entering  its  last  year  of  funding,  having 
completed  four  protocols  comparing  various  forms  of  chemotherapy 
combined  with  aggressive  surgery  in  advanced  ovarian  cancer. 
The  investigators  have  confirmed  the  effectiveness  of  hexamethyl- 
melamine  and  Platinum  in  this  disease,  and  the  superiority  of 
combination  chemotherapy  over  single  agent  chemotherapy. 

XIX.  NUTRITION  CONTRACTS 

A.  Nutrition  Assessment  Contracts 

This  group  of  ten  contracts  is  evaluating  techniques  for  the 
assessment  of  the  nutritional  status  of  cancer  patients. 
Techniques  being  evaluated  include  total  body  potassium  by 
neutron  activation,  body  fat  and  muscle  by  CT  scan,  and 
study  of  muscle  function  by  static  and  dynamic  tests. 

B.  Evaluation  of  Pharmacologic  Agents  for  the  Treatment  of 
Anorexia  in  the  Cancer  Patient 

This  is  a  preclinical  contract  testing  agents  for  anti- 
anorectic  activity  in  an  animal  tumor  model.  Weakly  positive 
results  were  observed  with  cyproheptidine  but  many  other 
agents  have  given  negative  results. 
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C.  Small  Cell  TPN  Contracts 

Five  collaborating  institutions  are  evaluating  parenteral  nutrition 
as  an  adjunct  to  intensive  combination  chemotherapy  in  patients 
with  limited  or  extensive  small  cell  carcinoma  of  lung.  Patients 
who  are  randomized  to  the  nutrition  intervention  group  receive 
graded  levels  of  nutritional  support  based  on  their  nutritional 
status. 

In  addition,  one  institution  is  evaluating  the  effect  of  nutrition- 
al intervention  on  the  pharmacology  of  antineoplastic  drugs. 

XX.  M.D.  Anderson  Hospital  Protected  Environment  Contract 

This  contract  is  entering  its  last  year  of  funding,  having  performed 
studies  evaluating  the  effectiveness  of  protected  environments  in 
the  treatment  of  lymphomas,  breast  cancer  and  small  cell  lung  cancer. 
Trials  are  continuing  in  breast  cancer  to  determine  if  improved 
response  and  survival  result  from  this  technique. 

ROl  Grant  Programs 

I.  ROl  Clinical  Onvology  Grant  Program 

Description 

The  thrust  of  this  program  is  to  foster  development  and  evaluation 
of  techniques  for  treating  cancer  patients.  This  includes  the  use 
of  chemotherapy,  radiation  therapy,  immunotherapy,  and  surgery  alone, 
or  in  combination.   Improved  experimental  designs  and  statistical 
analyses  are  integral  to  the  program.  The  program  also  supports 
investigators  who  are  searching  for  improved  methods  of  supportive 
care  and  related  work  in  protected  environments  and  bone  marrow 
transplantation.  99  grants  are  included  in  this  program. 

Accomplishments 

A  number  of  clinical  trials  or  preclinical  feasibility  studies  have 
been  completed  or  are  well  underway.  A  few  examples  are: 

1.  McCredie  et  al  have  studied  the  role  of  prophylactic  granulo- 
cyte transfusion  during  induction  chemotherapy  of  adult  acute 
leukemia  patients  and  have  observed  complete  remissions  in  27  out 

of  34  (79X)  which  is  an  improvement  compared  with  the  same  chemo- 
therapy but  without  prophylactic  granulocyte  transfusions. 

2.  Several  groups  of  investigators  have  been  studying  in  vitro 
assay  of  sensitivity  of  tumor  cells  to  chemotherapy  agents  and  have 
reported  significant  correlations  between  in  vitro  and  in  vivo 
(patient  response  to  therapy)  results. 
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3.  B.  Clarkson  et  al  have  identified  two  difficulties  in  using 
a  clonogenic  assay  for  myeloma  cells:   (1)  a  very  low  and  variable 
cloning  efficiency,  and  (2)  difficulty  in  standardizing  the  assay  with 
regard  to  specificity  and  reproducibility. 

4.  R.E.  Ritts  et  al  are  finding  that  the  Lymphocyte  Adherence 
Index  is  positive  in  65%  of  patients  with  early  (Duke's  B  and  C) 
colorectal  cancer  and  that  use  of  the  LAI  plus  the  CEA  correctly 
identified  73%  of  these  early  cases.  This  is  far  better  than  the 
results  with  CEA  alone. 

5.  D.F.  Bainton  and  her  colleagues  have  developed  a  simple, 
rapid  technique  for  ultrathin  sectioning  of  bone  marrow  which  preserves 
a  wide  variety  of  cytologic  enzymes.  This  technique  should  prove 

to  be  valuable  in  diagnosing  and  classifying  hematologic  malignancies. 

6.  Several  investigative  teams  used  lithium  as  a  probe  to  study 
regulation  of  bone  marrow  proliferation.  Lithium  has  been  found  to 
increase  the  release  of  colony  stimulating  activity  (CSA)  from  mono- 
cytes.  Increased  CSA  stimulates  proliferation  of  the  granulocyte 
compartement.  This  may  attenuate  chemotherapy  induced  neutropenia  and 
may  decrease  the  risk  of  infection  in  cancer  patients. 

7.  DeGowin  et  al  have  evidence  that  decreased  marrow  stromal 
cells  and  decreased  synthesis  of  erythropoeitin  may  be  important 
factors  in  the  anemia  of  chronic  illness  in  cancer  patients. 

8.  Bleyer  et  al  have  documented  that  intraventricular  administra- 
tion (via  an  Ommaya  reservoir)  of  methotrexate  may  be  more  effective 
in  the  treatment  of  CNS  leukemia  than  intralumbar  administration. 

9.  Singer  et  al  have  studied  hypercalcemia  in  patients  with 
malignancy  and  have  identified  bone  metastases  as  the  mechanism  in 
81%  of  cases.  In  18%  elevated  nephrogenic  cyclic  AMP  suggested  a 
circulating  hypercalcemic  agent,  but  PTH  was  undetectable  by  immuno- 
assay. 

10.  Mankin  and  others  have  documented  the  role  of  "limb-sparing" 
procedures  in  patients  with  bone  tumors. 

11.  Investigators  at  several  institutions  dre   evaluating  autologous 
bone  marrow  rescue  after  intensive  chemotherapy  with  encouraging 
results. 

12.  Immunotherapy  as  adjuvant  to  surgery  is  being  studied  by 
McKneally  et  al  with  variable  results.  They  suggest  that  different 
batches  of  BCG  may  differ  in  effectiveness. 

13.  Antiviral  and  antitumor  effects  of  interferon  are  under 
investigation  in  several  institutions. 
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II.  ROT  Surgical  Oncology  Grant  Program 

The  DCT  advertised  an  RFA  in  December  1978  to  solicit  applications  to 
conduct  research  in  surgical  oncology.  54  applications  were  received 
and  a  special  study  section  for  these  grants  met  in  August  1979  and 
reviewed  the  applications.   11  grants  were  approved  for  funding  and 
are  underway. 

Some  Current  Studies 

1.  An  investigation  of  a  technique  for  reducing  severe  small  bowel 
injury  due  to  high-dose  radiation  therapy. 

2.  A  study  of  the  activators  and  inhibitors  of  fibrinolytic  activity 
in  tumor  tissue. 

3.  A  study  of  the  role  of  suppressor  cells  in  melanoma  patients. 

4.  The  development  of  thermochemotherapy  by  isolated  liver  perfusion 
for  hepatic  malignancy. 

5.  An  investigation  of  regional  perfusion  of  extremities  and  vascular 
occlusion  for  treatment  of  extremity  sarcomas  and  melanomas. 

III.  ROl  Cancer  and  Nutrition  Grant  Program 

Description 

This  was  designated  as  a  separate  grant  program  in  1979  and  in  September 
1979  an  RFA  advertised  this  program.  Grant  applications  are  invited 
for  clinical  and  preclinical  research  in  the  general  areas  of  anorexia, 
cachexia,  (including  etiology  and  pathogenesis),  the  nutritional 
complications  of  antineoplastic  therapy,  and  nutritional  supplementa- 
tion. 10  grants  are  included  in  this  program. 

Accomplishments 

Many  studies  are  in  progress  and  worthwhille  results  are  emerging. 
Examples  are: 

1.  Holroyde  et  al  have  studied  the  Cori  cycle  using  labeled 
glucose  or  labeled  lactate  and  have  documented  increased  Cori  cycle 
activity  in  cancer  patients  who  were  losing  weight.  Highest  levels  of 
Cori  cycle  activity  were  observed  in  patients  who  were  losing  weight 
and  had  an  increased  metabolic  rate. 

2.  Waterhouse  et  al  have  studied  ql uconeogenesis  in  cancer 
patients  using  labeled  amino  acids.  Increased  gl uconeogenesis  was 
documented  and  this  increased  gl uconeogenesis  was  less  suppressable 
by  exogenous  glucose  compared  to  suppression  of  gl uconeogenesis  in 
normal  subjects. 
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3.  Fischer  et  al  have  been  studying  central  mechanisms  of  anorexia 
in  animal  models  and  report  increased  brain  tryptophan  in  tumor-bearing 
rats.  Tryptophan  is  a  serotonin  precursor  and  thus  may  suppress 
appetite  via  serotoninergic  pathways. 

4.  Bernstein  et  al  have  been  studying  learned  aversion  as  a 
factor  in  anorexia.  If  a  novel  food  is  eaten  shortly  before  chemo- 
therapy, a  conditioned  aversion  develops  in  a  significant  proportion 
of  patients. 

POl  Program  Project  Grant  Program 

At  the  end  of  FY  79,  there  were  31  active  program  project  grants  with  a 
total  expenditure  of  $18,358,000.  The  objectives  of  the  program  project 
grant  remains  the  same,  i.e.  to  provide  research  support  for  the  broadly 
based  programs  that  blend  pre-clinical  and  clinical  activities. 

Background 

The  program  project  grant  was  designed  to  support  broadly  based  multi- 
disciplinary  cancer  research  programs  having  a  specific  objective  or  goal. 
The  effort  usually  involves  a  number  of  investigators  each  of  whom  conducts 
a  research  project  designed  to  elucidate  one  or  more  aspects  of  the  common 
goal.  These  efforts  are  conducted  in  an  organized  fashion  in  order  to 
facilitate  the  interactions  of  these  participating  investigators.  This 
approach  is  designed  to  accelerate  the  acquisition  of  knowledge  more 
effectively  than  would  a  simple  aggregate  of  research  projects  operating 
without  the  organization  and  thematic  integration. 

Historically  the  program  has  supported  highly  successful  research  projects 
that  have  made  significant  contributions.  By  bringing  together  basic  and 
clinical  investigators,  the  program  has  been  able  to  provide  the  best  in  the 
way  of  modern  patient  care  but  also  explore  the  \iery   basic  elements  in  tumor 
biology. 

Research  Accomplishments 

There  continues  to  be  an  admixture  of  multi-disciplinary  and  disease  oriented 
programs.  Although  clinical  research  is  the  main  thrust  of  all  programs, 
substantial  efforts  in  more  basic  elements  are  present.  These  activities 
include  basic  drug  development  and  pharmacology,  cell  kinetics,  immuno- 
biology  and  transplantations  histopathology  and  hematology. 

The  development  of  potentially  curative  strategies  by  the  continued 
investigation  of  the  kinetic  basis  for  drug  responsiveness  of  common  tumor 
types  has  been  of  high  priority.  A  variety  of  new  methods  have  been 
developed  and  some  older  technics  used  in  new  or  different  ways  have  been 
used  to  predict  kinetic  patterns. 
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The  aggressive  use  of  bone  marrow  transplantation  as  an  adjunct  to  other 
forms  of  treatment  continues  to  be  productive.  In  addition  to  autologous 
and  allogeneic  transplant  methods,  there  is  some  early  indication  that 
monoconal  antibodies  directed  against  human  hemopoietic  precursors  or 
leukemic  cell  antigens  may  be  of  some  benefit.  Progress  in  efforts  to 
define  the  cellular  and  clinical  characteristics  of  malignant  lymphomas 
and  related  leukemias  in  terms  of  modern  concepts  of  immunology,  including 
T  and  B  lymphocyte  systems  and  alternations  of  lymphocyte  transformation 
has  been  made.  These  efforts  have  lead  to  new  studies  on  control  mechanisms 
in  lymphoma  induction  and  progression,  membrane  and  cytoplasmic  markers 
and  cell  surface  receptors  and  antigens. 

In  vitro  assays  using  explanted  tissue  in  culture  to  predict  the  effective- 
ness of  drugs  and  other  types  of  treatment  methods  have  been  taken  to  the 
clinic.  The  correlation  of  these  laboratory  tests  and  in  vivo  activity  will 
prove,  if  successful,  to  be  an  invaluable  technic.  The  planning  of  treat- 
ment based  on  cell  kinetic  data  continues  to  be  a  high  priority  area  of 
research  data. 

The  move  to  more  focused  research  programs  continues.  The  remaining 
umbrella  grants  are  few  and  these  are  in  the  process  of  changing.  Programs 
designed  to  carry  out  research  (indepth)  in  disease  categories  is  the  rule. 
There  remains,  however,  more  broad  based  efforts  in  pediatric  malignancies 
as  a  group  rather  than  as  specific  diseases.  This  is  an  acceptable  approach 
and  has  been  cost  effective,  particularly  in  the  use  of  supportive  care 
resources.  There  are  currently  5  programs  dealing  principally  in  childhood 
cancers . 

Clinical  Oncology  Review  Committee  (CORC) 

The  Clinical  Oncology  Review  Committee  (CORC),  the  DCT  technical  review 
committee  reviews  proposals  for  new  resource  contracts  and  recompetitions  of 
resource  contracts.  The  CORC  performs  annual  reviews  of  all  incrementally 
funded  clinical  research  and  resource  contracts.  During  FY80  there  were  six 
CORC  meetings  for  review  of  49  contracts  and  29  proposals  for  two  contract 
projects.  Dr.  Weiss  is  Chairman;  Ms.  Mackie  is  Executive  Secretary. 

NCI-Pan  American  Health  Organization:  Collaborative  Cancer  Treatment 
Research  Program(CCTRP) 

Since  May,  1978  the  CCTRP,  an  outgrowth  of  the  Latin  American  Cancer 
Research  Information  Project,  has  supported  development  of  a  clinical  cancer 
research  program  in  ten  Latin  American  Centers  in  seven  countries  and  seven 
U.S.  cancer  centers--each  Latin  America  center  has  a  specific  U.S.  collabor- 
ating center.  There  were  28  active  protocols  and  patient  accrual  of 
approximately  548  in  the  past  year.  Each  Latin  American  center  has  one  or 
two  combined  modality  studies  and  additional  pilot  studies  for  development 
of  new  therapies.  Each  study  is  designed  by  the  L.A.  investigator  and  the 
U.S.  co-investigator,  reviewed  by  the  Cancer  Therapy  Evaluation  Program 
staff  protocol  review  group,  and  conducted  either  independently  by  the  L.A. 
centers  or  in  collaboration  with  the  U.S.  center.  A  multi-center  adjuvant 
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gastric  protocol  is  in  the  planning  stage.  The  second  annual  meeting/ 
workshop  was  held  in  Colombia  in  June,  1980. 

Special  Project--Stage  I  and  II  Testicular  Cancer  Intergroup  Study 

This  is  a  collaboration  between  five  cooperative  groups  and  two  large 
institutions  having  an  interest  in  testicular  cancer.  The  protocol  is 
(1)  a  randomized  controlled  study  of  adjuvant  chemotherapy  of  stage  II 
resectable  testicular  cancer  and  (2)  a  monitoring  of  Stage  I  testicular 
cancer.  For  Stage  II,  the  study  will  compare  the  disease-free  and  overall 
survival  for  surgery  alone  (with  combination  chemotherapy  for  relapses) 
versus  surgery  plus  early  adjuvant  chemotherapy.  Stage  I  patients  will 
be  registered  and  monitored  to  identify  prognostic  variables  which  may 
predict  recurrence  in  this  group.  The  protocol  also  includes  important 
biologic  studies  such  as  histologic  typing,  serum  marker  studies,  and 
studies  of  the  accuracy  of  lymphangiograms ,  CT  scans,  and  ultrasonography. 
As  of  April  14,  1980,  55  patients  have  entered  this  protocol  including 
18  Stage  I  and  37  Stage  II  patients.  Three  relapses  have  occurred,  one 
in  Stage  I  and  two  in  Stage  II,  and  all  are  now  in  complete  remission 
on  chemotherapy. 

Interagency  Agreements 

Veterans  Administration  Groups 

The  VA  Lung  Cancer  Study  Group  was  disapproved  for  further  support  by  DCT  at 
a  special  review  in  May  1978.  They  have  been  given  phaseout  funds  for  FY'79 
and  '80.  They  have  completed  accrual  to  their  studies  and  statistical 
analysis  is  currently  being  completed. 

The  VA  Surgical  Oncology  Group  is  continuing  with  full  DCT  support  via 
Interagency  Agreement.  They  have  activated  two  new  adjuvant  lung  cancer 
studies  for  non-small  cell  lung  cancer.  They  have  also  initiated  a  new 
adjuvant  colon  study  comparing  18  months  of  5-FU  vs.  2  months  of  5-FU  vs. 
18  months  of  5-FU  +  Hydrea.  Their  current  colon  study  comparing  5-FU  + 
semustine  to  untreated  controls  show  no  survival  difference  at  3  years. 
This  group  was  advised  to  seek  an  alternative  funding  source  by  the  DCT 
board  of  Scientific  Counselors  after  September,  1981.  The  Group  has 
decided  to  submit  an  RIO  grant  application  so  they  can  be  reviewed  and 
funded  like  the  rest  of  the  cooperative  groups. 

PATIENT  ACCRUAL  IN  CIB  PROGRAMS  — -1979 

Total  patients  entered  on  Pase  III,  IV  (adjuvant)  studies:     22,244 

(coop,  group:   19,834;  contract:  1,724;  VASOG:  377;  WHO  Melanoma:  283; 
Intergroup  Testicular:  26) 
Total  patients  entered  on  Phase  I,  II,  and  pilot  studies: 

(coop,  group:   5855;  contract:  3310;  VASOG:  11) 
Total  patients  on  study  and  in  followup: 

(coop,  group:  70,405;  contract:  7,840;  VASOG:  2,096; 
WHO  Melanoma:  822;  Intergroup  Testicular:  26) 
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1.  Anorexia  in  Cancer  Patients.   International  Workshop  on  Nutrition 
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5.  Nutrition  and  Cancer.  Gastrointestinal  Tumor  Study  Group,  Sarasota, 
Florida,  Feb.  22,  1980. 

6.  A  Comparative  Trial  of  Adriamycin  and  5  Fluorouracil  in  Advanced 
Prostatic  Cancer.  National  Prostatic  Cancer  Project  Cadre,  San 
Francisco,  May  18,  1980. 

7.  A  Comparative  Trial  of  Adriamycin  and  5  Fluorouracil  in  Advanced 
Prostatic  Cancer.   International  Union  Against  Cancer  Societe 
Internationale  D'Urologie  World  Health  Organization  European  Organiza- 
tion for  Research  on  Treatment  of  Cancer,  Paris,  France,  June  30- 
July  3,  1980. 

Daniel  G.  Haller,  M.D. 

1.  Chemotherapy  in  Ovarian  Cancer  -  Chemotherapy  of  Gastric  and  Pancreatic 
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Departments  of  Otolaryngology,  Washington,  D.C.,  November,  1979. 

3.  Serum  glycoproteins  in  head  and  neck  squamous  carcinoma.  Research 
Forum,  Association  for  Research  in  Otolaryngology,  Dallas,  Texas, 

October,  1979. 
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4.  Progress  report:  adjuvant  chemotherapy  in  operable  head  and  neck 
squamous  carcinoma,  Annual  Meeting,  Head  and  Neck  Contracts  Program, 
Tampa,  Florida,  November,  1979. 

Conferences  Sponsored  by  CIB 

Cell  Markers  in  Leukemia,  March  4-5,  1980,  NCI. 

Soft  Tissue  Sarcomas  in  Adults,  April  9,  1980,  NCI. 

Intergroup  Testicular  Study;  May  1,  1980,  NCI. 

Cooperative  Group  Chairmen  Meeting  -  12/13/79;  2/12/80. 

The  Nutrition  of  the  Cancer  Patient,  January  10-11,  1980,  NCI. 

Intergroup  Testicular  Cancer  (Executive  Committee  and  Review  Panels) 
November  16,  1979  and  May  1,  1980. 

Pediatric  Cancer  and  Nutrition,  NCI,  September  30,  1980. 

International  Head  and  Neck  Oncology  Research  Conference,  Arlington,  VA. 
September  8-10,  1980. 
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INVESTIGATIONAL  DRUG  BRANCH 


The  Investigational  Drug  Branch  has  the  mission  of  sponsoring 
new  investigational  drugs  for  clinical  trials  and  of  evaluating 
them  for  antitumor  efficacy.   It  does  this  by  pursuing  several 
objectives:   (a)   obtaining  Investigational  New  Drug  exemption 
(IND)  authorization  from  the  Food  and  Drug  Administration  (FDA) , 
by  managing  the  Phase  I  and  II  Working  Group,  (c)  monitoring  the 
clinical  trials  conducted  by  these  investigators,  (d)  meeting 
FDA  regulatory  affairs  responsibilities  for  all  active  IND ' s 
and  (e)  regulating  the  distribution  of  investigational  new  drugs. 

The  permanent  professional  staff  of  the  Branch  include  three 
physicians , one  pharmacologist, one  biochemist,  and  one  pharmacist. 
In  addition,  there  are  a  staff  of  three  physicians,  who  have 
a  one  or  two  year  appointment  with  the  Branch. 

During  the  past  year  the  recently  developed  system  of  drug 
classification  and  policies  for  DCT  sponsorship  of  clinical 
protocol  continued  to  operate  with  evident  efficiencies.  Briefly, 
drugs  are  classified  as  either  Group  A,  B,  or  C.   Group  A  drugs 
are  those  in  Phase  I  clinical  trials  or  in  their  initial  Phase  II 
trials.   Protocols  are  accepted  from  members  of  the  Phase  I/II 
Working  Group,  DCT  Contractors,  or  Cooperative  Groups.   Group  B 
drugs  are  those  which  have  been  evaluated  for  efficacy  in 
several  Phase  II  trials  in  pertinent  tumors  and  which  have  seen 
shown  in  these  studies  to  be  tolerated  by  patients.   Protocols 
are  accepted  from  DCT  Contractors,  Cooperative  Groups,  and 
through  the  New  Drug  Studies  Mechanism.   Group  C  drugs  have 
reproducible  efficacy  in  specific  types  of  tumors.   These  drugs 
are  provided  to  registered  physicians  for  treatment  of  patients 
with  specified  diseases  in  accord  with  our  "Guideline"  protocols. 
Safety  of  use  is  the  research  objective  of  this  mechanism. 

Of  special  note,  the  following  projects  were  initiated  during 
this  past  year.   A  clinical  pharmacology  study  of  amygdalin  was 
begun  as  a  preliminary  to  a  cooperative  Phase  II  trial  of  this 
agent  to  estimate  its  clinical  antitumor  efficacy  in  a  well 
designed  study.   An  application  which  is  now  pending,  was 
submitted  to  the  FDA  requesting  the  classification  of  Tetra- 
hydrocannabinol as  a  Group  C  drug  for  nausea  and  vomiting 
associated  with  cancer  chemotherapy.   And  lastly,  a  Task  Order 
RFP  was  written  and  issued  for  proposals  for  the  Phase  I  and  II 
evaluation  for  Biological  Response  Modifiers.   A  large  number  of 
proposals  have  been  submitted  and  the  evaluation  and  selection 
process  is  underway. 
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PHASE  I/II  WORKING  GROUP 


Institute 

Baltimore  Cancer  Research  Program,  NCI 

Children's  Hospital  of  Los  Angeles 

Clinical  Pharmacology  Branch,  NCI 

Georgetown  University 

Mayo  Clinic 

M.D.  Anderson 

Medical  Oncology  Branch,  NCI 

Memorial  Sloan-Kettering  Cancer  Center 

Mount  Sinai  Cancer  Center 

NCI-VA  Medical  Oncology  Branch 

Ohio  State  University 

Pediatric  Oncology  Branch,  NCI 

Roger  Williams  General  Hospital 

Roswell  Park  Memorial  Institute 

Sidney  Farber  Cancer  Institute 

St.  Jude's  Children's  Hospital 

U.C.L.A. 

University  of  Kansas 

University  of  Miami 

University  of  Vermont 

University  of  Wisconsin 

Wayne  State  University 

Yale  University 


Principal  Investigator 


P. 

Wiernik 

S. 

Siegel 

B. 

Chabner 

P. 

Wool ley* 

J. 

Kovach* 

G. 

Bodey* 

R. 

Young 

C. 

Young* 

T. 

Ohnuma* 

J. 

Minna 

J. 

Neidhart 

A. 

Levine 

R. 

Cummings 

A. 

Mittelman 

E. 

Frei* 

C. 

Pratt 

J. 

Block 

B. 

Hoogstraten* 

C. 

Vogel 

I. 

Krakoff* 

H. 

Davis* 

L. 

Baker* 

J. 

Bertino 

*  Contract  Supported. 
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DRUG  EVALUATION  AND  REPORTING  SECTION 


Phase  I  studies:  Seven  investigational  drugs  sponsored  by  the 
DCT  were  newly  introduced  into  Phase  I  clinical  trials: 

Aclacinomycin  (NSC-208734) 
Amygdalin  (NSC-15780  and  NSC-251222) 
AT-125  (NSC-163501) 
AZQ  (NSC-182986) 
2-Deoxycoformycin  (NSC-218321) 
Dihydroxyanthracenedione  (NSC-301739) 
Misonidazole  i.v.  (NSC-261037) 

In  addition  Phase  I  studies  were  continued  last  year  on  the 
following  drugs: 

Alanosine  NSC-153353 

Dichloromethotrexate  NSC-29630 

DON  NSC-7365 

Heroin  NSC-302357 

ICRF-187  NSC-169780 

Indicine-N-Oxide  NSC-132319 

PCNU  NSC-95466 

Pentamethylmelamine  NSC-118994 

Thymidine  (including  2  drug  combinations  with  methotrexate 

5-FU,  Ara-C,  platinum) 
PALA/5-FU  combinations 

The  Phase  I  studies  are  conducted  by  members  of  the  Phase  I  and 
II  Working  Group,  which  consists  of  clinical  investigators  from 
five  Branches  of  the  NCI  Intramural  Program,  ten  institutions 
with  Phase  I  contracts,  and  several  institutions  conducting 
Phase  I  studies  without  financial  support.   Whenever  methodology 
allows  pharmacokinetic  studies  in  man  have  been  conducted. 
Detailed  information  on  the  status  of  these  studies  is  available 
to  interested  investigators. 

Approved  by  DN-4  in  the  past  year  for  single  agent  Phase  II 
studies : 

Dihydroxyanthracenedione  NSC-3017  39 

ICRF-187  NSC-169780 

Alanosine  NSC-153353 

PCNU  NSC-95466 

DON  NSC-7365 

Pentamethylmelamine  NSC-118994 

During  the  past  year  the  IDB  initiated  a  mechanism  for  the 
monitoring  of  Phase  I  and  contractor-performed  Phase  II  single 
agent  studies.   The  goal  of  this  project,  the  Clinical  Trials 
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Monitoring  Service,  is  to  promote  a  closer  working  relationship 
with  and  among  the  Phase  I  Contractors,  to  accelerate  the  flow 
of  information  which  will  reduce  duplication  and  improve  NCI 
monitoring,  and  to  assure  the  IDB  in  its  role  as  sponsor  of 
IND's  to  FDA,  of  regulatory  compliance.   The  contractor  is 
Mathtech,  Inc.  of  Princeton,  New  Jersey  (Contract  No.  N01-CM9- 
7195) . 

The  following  table  displays  the  spectrum  of  tumors  being 
investigated  for  each  drug  in  Group  A2. 
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The  status  of  these  studies  are  reviewed  semiannually  at  the 
New  Drug  Liaison  Meetings.   In  addition  the  IDB  professional 
staff  provides  a  liaison  function  at  cooperative  group  meetings, 
contractors  meetings,  and  disease  oriented  discussion  and 
coordination  meetings  organized  by  CTEP. 


DRUG  REGULATORY  AFFAIRS  SECTION 


Six  Investigational  New  Drug  Notices  were  prepared  and  submitted 
to  the  Bureau  of  Drugs,  Food  and  Drug  Administration,  during 
1979.   Approval  was  given  from  FDA  and  clinical  trials  have  been 
initiated  on  the  following  six  drugs: 

Aclacinomycin  (NSC-208734) 

Acivicin  (AT-125,  NSC-163501) 

AZQ  (NSC-182896) 

2-Deoxycoformycin  (NSC-218321) 

Di hydroxy an thracenedi one  (NSC- 30 17 39) 

Misonidazole,  for  intravenous  use  (NSC-261037) 

In  addition,  one  IND  was  reopened  and  one  IND  received  approval 
from  FDA  although  it  was  submitted  in  1978.   The  IND  for  BUDR 
(NSC-38297)  was  reopened  for  use  as  a  radiosensitizer ,  and  the 
IND  for  Amygdalin  (NSC-15780  and  NSC-251222)  was  approved  and 
clinical  studies  have  been  initiated. 

The  following  drugs  are  in  the  IND  preparation  stage  and  will 
be  submitted  to  FDA.   These  are: 

WR  2721  (radioprotector) 

Desmethylmisonidazole  (hypoxic  cell  radiosensitizer) 

Levonantradol  (antiemetic) 

5-methyltetrahydrohomof olic  acid 

Human  Interferon 

Poly  I:C  lysine 

Ellipticine 

Spirohydantoin  mustard 

Five  INDs  were  closed: 

Acronycine  (NSC-403169) 
Azaserine  (NSC-742) 
Azotomycin  (NSC-56654) 
Chromomycin  (NSC-58514) 
Dibromomannitol  (NSC-94100) 
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The  number  of  new  protocols  with  the  Food  and  Drug  Administration 
in  1979  was: 


Cooperative  Groups 

208 

Contracts 

73 

Cancer  Centers 

79 

Phase  I  Working  Group 

43 

Intramural 

3 

Exceptions 

75 

Independent 

1 

Total  482 

Additionally,  there  were  55  addenda  and  revisions  submitted  to 
FDA  for  cooperative  groups,  5  for  contracts,  6  for  cancer  centers, 
and  7  for  the  Phase  I  Working  Group. 

NEW  DRUG  STUDIES  MECHANISM 


With  FDA  approval,  in  August  1977,  a  mechanism  for  studying  new 
drugs,  other  than  through  NCI  contract  or  grant  support,  was 
instituted.   The  new  mechanism  allows  Comprehensive  Cancer  Centers 
and  Clinical  Cancer  Centers  supported  by  the  Cancer  Center 
Support  (CORE)  Grant  to  approve  and  sponsor  protocol  studies  on 
selected  drugs. 

There  are  59  organizations  eligible  to  participate  in  this 
program.   Fifty  have  registered  with  the  IDB  indicating  their 
willingness  to  participate  in  this  mechanism.   These  organizations 

include: 

University  of  Alabama  Comprehensive  Cancer  Center 
Birmingham,  Alabama 

University  of  Arizona  Cancer  Center 
Tucson,  Arizona 

University  of  Southern  Calif ornia/LAC  Cancer  Center 
Los  Angeles,  CaliiJornia 

UCLA  Comprehensive  Cancer  Center 
Los  Angeles,  California 

Northern  California  Cancer  Program 
Palo  Alto,  California 

University  of  California  -  San  Diego 
San  Diego,  California 
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Colorado  Regional  Cancer  Center 
Denver,  Colorado 

Yale  University  Comprehensive  Cancer  Center 
New  Haven,  Connecticut 

Georgetown  University- 
Vincent  T.  Lombardi  Cancer  Research  Center 
Washington,  D.  C. 

Howard  University  College  of  Medicine 
Washington,  D.C. 

Comprehensive  Cancer  Center  for  the  State  of  Florida 
Miami,  Florida 

Emory  University  Cancer  Center 
Atlanta,  Georgia 

University  of  Hawaii  at  Monoa 
Honolulu,  Hawaii 

Illinois  Cancer  Council 
Chicago,  Illinois 

Northwestern  University  Cancer  Center 
Chicago,  Illinois 

University  of  Chicago  Cancer  Research  Center 
Chicago,  Illinois 

Rush  Cancer  Center 
Chicago,  Illinois 

Mid-America  Cancer  Center  Program 
Kansas  City,  Kansas 

Ephramin  McDowell  Community  Cancer  Network 
Lexington,  Kentucky 

Johns  Hopkins  Oncology  Center 
Baltimore,  Maryland 

Sidney  Farber  Comprehensive  Cancer  Center 
Boston,  Massachusetts 

Tufts-New  England  Medical  Center 
Boston,  Massachusetts 

Michigan  Cancer  Foundation 
Detroit,  Michigan 
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Mayo  Comprehensive  Cancer  Center 
Rochester,  Minnesota 

Missouri  Cancer  Program,  Inc. 
Columbia,  Missouri 

Norris  Cotton  Cancer  Center  of  the  Dartmouth-Hitchcock 

Medical  Center 
Hanover,  New  Hampshire 

Cancer  Research  and  Treatment  Center 
Albuquerque,  New  Mexico 

Memorial  Sloan-Kettering  Cancer  Center 
New  York,  New  York 

Sloan-Kettering  Institute  for  Cancer  Research 
New  York,  New  York 

Roswell  Park  Memorial  Institute 
Buffalo,  New  York 

Cancer  Research  Center 
Bronx,  New  York 

Hospital  for  Joint  Diseases  and  Medical  Center 
New  York,  New  York 

Columbia  University  Cancer  Research  Center 
New  York,  New  York 

Clinical  Cancer  Center 
New  York,  New  York 

Mount  Sinai  School  of  Medicine 
New  York,  New  York 

University  of  Rochester  Cancer  Center 
Rochester,  New  York 

Duke  University  Comprehensive  Cancer  Center 
Durham,  North  Carolina 

Cancer  Research  Center 
Chapel  Hill,  North  Carolina 

Oncology  Research  Center 
Winston-Salem,  North  Carolina 

The  Ohio  State  University  Comprehensive  Cancer  Center 
Columbus,  Ohio 
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The  Cancer  Center,  Inc. 
Cleveland,  Ohio 

Oklahoma  Cancer  Center 
Oklahoma  City,  Oklahoma 

Fox  Chase/University  of  Pennsylvania 
Comprehensive  Cancer  Center 
Philadelphia,  Pennsylvania 

University  of  Pennsylvania  Cancer  Center 
Philadelphia,  Pennsylvania 

Puerto  Rico  Cancer  Center 
San  Juan,  Puerto  Rico 

Roger  Williams  General  Hospital 
Providence,  Rhode  Island 

Memphis  Regional  Cancer  Center 
Memphis,  Tennessee 

St.  Jude  Children's  Research  Hospital 
Memphis,  Tennessee 

The  University  of  Texas  System  Cancer  Center 
Houston,  Texas 

University  of  Texas  Health  Science  Center 
Dallas,  Texas 

University  of  Texas  Medical  Branch 
Galveston,  Texas 

Vermont  Regional  Cancer  Center 
Burlington,  Vermont 

MCV/VCU  Cancer  Center 
Richmond,  Virginia 

Fred  Hutchinson  Cancer  Research  Center 
Seattle,  Washington 

University  of  Wisconsin  Clinical  Center 
Madison,  Wisconsin 

Medical  College  of  Wisconsin 
Milwaukee,  Wisconsin 
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There  are  a  total  of  144  protocols  under  study.   A  breakdown  of 
these  includes: 

Institution  Number  of  Protocols 

University  of  Alabama  2 

University  of  Arizona  1 

University  of  California,  San  Diego  3 

UCLA,  Los  Angeles  3 

University  of  Southern  California  3 

Colorado  Regional  Cancer  Center  5 

Northern  California  Cancer  Program  4 
American  Cancer  Research  Center  and 

Hospital,  Colorado  1 

Yale  Comprehensive  7 
Comprehensive  Cancer  Center  for  the 

State  of  Florida  4 

Emory  University,  Atlanta,  Georgia  3 

Illinois  Cancer  Council  4 

Northwestern  University  1 

University  of  Chicago  3 

Rush  Cancer  Center  1 

University  of  Iowa  1 

Johns  Hopkins  5 

Sidney  Farber  Comprehensive  Cancer  Ctr.  3 

Boston  University  2 

Mayo  Clinic  9 

Norris  Cotton  Cancer  Center  2 

Memorial  Sloan-Kettering  2 

Roswell  Park  Memorial  14 

Albert  Einstein  College  of  Medicine  1 

University  of  Rochester  1 

Duke  University  1 

University  of  North  Carolina  1 

Bowman  Gray  School  of  Medicine  2 

Mount  Sinai  School  of  Medicine  1 
Ohio  State  University  Comprehensive 

Cancer  Center  17 

The  Cancer  Center,  Inc.  1 
Fox  Chase/Universj.ty  of  Pennsylvania 

Comprehensive  Cancer  Center  3 

The  Milton  S.  Hershey  Medical  Center  2 
University  of  Texas  Health  Science  Center     8 

M.D.  Anderson  -  University  of  Texas  4 

St.  Jude  Children's  Research  Hospital  2 

Medical  College  of  Virginia  2 

Fred  Hutchinson  Cancer  Center  2 

Howard  University  1 

University  of  Wisconsin  Clinical  Cancer  11 

Medical  College  of  Wisconsin  1 


729 


Drugs  studied  in  these  protocols  include:   Baker's  Antif ol , VP-16- 
213,  TMCA,  ICRF-159,  Dianhydrogalactitol ,  Dibromodulcitol , 
Methotrexate,  Azacytidine,  MeCCNU,  Hexamethylmelamine ,  Cis- 
Platinum,  Daunomycin,  DMSO,  Piperazinedione ,  BCG  (Tice) ,  and 
Asparaginase . 

In  addition,  institutions  that  are  not  CORE  Grant  Supported  may 
participate  in  this  mechanism  after  they  have  submitted 
credentials  required  by  established  guidelines.   Recently 
several  institutions  have  been  recognized  as  New  Drug  Studies 
Groups.   They  are:   Milton  S.  Hershey  Medical  Center,  University 
of  Iowa  College  of  Medicine,  Vanderbilt  University,  American 
Cancer  Research  Center  and  Hospital,  Colorado,  Stanford 
University  Medical  Center,  Stanford,  California,  and  Hahnemann 
Medical  College  and  Hospital,  Philadelphia,  Pennsylvania. 

CANCER  RESEARCH  EMPHASIS  GRANTS  ACTIVITIES 


The  following  grants  (CREG)  were  awarded  on  April  1,  1979,  for 
the  biochemical  and  molecular  biological  evaluation  of 
investigational  new  drugs  being  developed  by  the  DCT  Program. 
The  CREG  Grants  are  in  their  terminal  year. 

University  of  Texas  System  Cancer  Center,  (M.D.  Anderson  Hospital 
and  Tumor  Institute)   (IROl  CA-32272-03) .   Benjamin  Drewinko  - 
Principal  Investigator.   This  project  will  analyze  the  lethal 
and  kinetic  effects  of  new  antitumor  agents  on  various 
established  human  cell  lines  as  a  function  of  drug  concentration, 
exposure  time,  and  position  of  the  cells  in  the  cycle  at  the 
time  of  drug  administration  (cell  cycle  stage-dependent  function) , 

Nitrosoureas  (PCNU,  BCNU) ,  alanosine,  PALA,  and  prospidine  have 
been  investigated  in  the  human  colon  carcinoma  cell  (LoVo)  and 
CHO  cells.   These  cells  can  be  effectively  synchronized  and  then 
treated  by  a  second  cell-cycle-stage-specific  drug.   Details  of 
the  effects  of  this  combined  treatment  are  under  study. 

University  of  Texas  System  Cancer  Center,  (M.D.  Anderson  Hospital 
and  Tumor  Institute)   (IROl  CA-23270-03) .   Raymond  E.  Meyn  - 
Principal  Investigator.   The  overall  objective  of  this  research 
project  is  to  characterize  the  cell  cycle  phase  dependent  cyto- 
toxicity of  new  anticancer  drugs  both  jji  vitro  and  iji  vivo. 
The  goals  include:  (1)  a  comparative  study  of  the  cell  cycle 
dependent  cytotoxicity  jji  vitro  of  several  anticancer  drugs 
presently  used  in  clinical  studies;  (2)  initiation  of  studies 
similar  to  goal  1  above,  but  involving  tests  conducted  in  vivo; 
(3)  studies  of  the  effects  of  selected  drugs  on  subsequent  cell 
progression  as  a  function  of  the  phase  of  the  cell  cycle  in 
which  drug  treatment  was  administered. 
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Recently  his  laboratory  has  developed  techniques  for  measuring 
DNA  damage  to  cells,  and  with  the  use  of  CHO  mutants  deficient 
in  DNA  repair,  it  is  in  a  position  to  assess  the  value  of  DNA 
damage. 

One  particular  experiment  has  yielded  especially  interesting 
results.   In  this  case,  cis-DDP  was  inject  i.v.  (4  mg/kg)  into 
a  group  of  mice  which  were  sacrificed  at  different  times 
following  injection.   Three  different  tissues  were  isolated  from 
the  mice,  bone  marrow,  spleen,  and  fibrosarcoma  tissue,  made 
into  single  cell  suspension  and  analyzed  for  DNA  crosslinks  by 
alkaline  elution.   The  results  showed  a  higher  degree  of 
crosslinking  in  the  tumor  cells  compared  to  either  bone  marrow 
or  spleen.   As  in  the  case  of  tissue  culture  cells,  the  cross- 
linking  increased  with  time  in  all  tissues  during  the  first 
6-12  hours  after  injection  and  then  decreased  thereafter.   How- 
ever, the  crosslinks  all  disappeared  by  18  hours  in  the  bone 
marrow,  while  crosslinking  was  still  evident  in  the  spleen  and 
tumor  up  to  24  hours  after  injection.   This  new  methodology 
allows  for  the  first  time  the  opportunity  for  answering  the 
questions  concerning  the  influence  of  cellular  environment  on 
sensitivity  to  chemotherapy  agents,  inherent  differences  in 
sensitivity  from  tissue  to  tissue,  and  relationships  between 
DNA  damage,  repair,  and  cell  survival  for  cells  treated  ±n   vivo. 

Sloan-Ketterinq  Institute  for  Cancer  Research  (IROI  CA-23296-03) . 
Z.  Darzynkiewicz  -  Principal  Investigator.   The  primary 
objective  of  this  program  is  to  analyze  the  effects  of  new 
anticancer  drugs  on  the  cycle  kinetics  of  normal  lymphocytes 
and  selected  tissue  culture  lines  of  cancer  cells  jj:  vitro, 
using  flow  cytometry  and  autoradiography.   A  second  objective 
is  to  provide  information  on  the  mechanism  of  action  of 
selected  drugs. 

Using  techniques  developed  in  the  laboratory,  dihydroxyanthra- 

quinone  (DHAQ)  was  intensely  investigated  and  found  to  cause 

a  well  defined  G^  block  in  several  cell  systems  when  present 

in  ng/ml  concentrations.   At  slightly  higher  concentrations  the 

drug  is  cytotoxic,  reducing  the  clonogenicity  of  CHO  cells 

and  irreversibly  arresting  L1210  and  Friend  leukemic  cell  lines. 

However,  normal  human  lymphocytes  are  much  more  resistant  and 

survive  in  cultures  with  up  to  10  yg/ml  DHAQ  present.   The 

cell  line  specific  increases  in  RNA  concent  coinciding  with 

optimal  cytostatic  but  not  cytotoxic  concentrations  of  the  drug 

coupled  with  the  observed  preference  for  binding  to  the  nucleolar 

RNA  perhaps  as  a  result  of  stabilization  of  double  stranded  RNA 

by  intercalation.   The  basis  for  the  differential  sensitivity 

of  normal  versus  leukemic  lymphocytes  to  DHAQ  is,  as  yet,  unknown. 
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Ellipticine,  at  cytostatic  concentrations,  had  a  marked  effect 
on  cellular  ribonucleic  acid  (RNA)  content.   Friend  leukemia 
cells,  blocked  in  G„  by  the  drug,  doubled  their  RNA  content 
compared  to  control  cells.   L1210  and  CHO  cells  but  not  lympho- 
cytes also  increased  in  RNA  content  following  ellipticine 
treatment.   Drug  concentrations  which  blocked  in  G^  led  in  the 
case  of  Friend  leukemia  and  L1210  but  not  CHO  cells,  to  an 
increase  in  the  proportion  of  cells  with  greater  than  4C  amounts 
of  DNA. 

Southern  Research  Institute  (ROl  CA-23155-03) .   L.L.  Bennett, 
Jr.  -  Principal  Investigator.   The  objective  of  this  project  is 
to  define  the  mechanisms  of  action  of  antitumor  agents  and  to 
use  the  information  obtained  as  a  basis  for  defining  improved 
ways  to  use  the  agents  in  experimental  and  clinical  chemotherapy. 
Study  of  mechanism  of  action  of  the  agent  include  (a)  investiga- 
tion of  the  metabolism  of  the  agent  and  identification  of 
active  metabolities ,  if  any,  and  of  degradation  products,  and; 
(b)  definition  of  the  biochemical  sites  of  action  of  the  agent 
and,  where  multiple  sites  are  involved,  determination  of  the 
primary  site  of  action. 

Detailed  study  is  limited  to  agents  whose  site  of  action  appears 
to  be  in  the  metabolic  areas  of  the  nucleotide  and  nucleic  acid 
synthesis.   Studies  with  dichlorolawsone,  PALA,  F-Ara-A  have 
indicated  the  specific  lesions  produced  by  these  compounds,  and 
experiments  exploring  maximum  utilization  of  these  results  are 
being  conducted. 

Albert  Einstein  College  of  Medicine   (ROl  CA-23187-03) .   Susan 
B.  Horwitz  -  Principal  Investigator.   The  objectives  of  this 
grant  are  to  characterize  biochemical  and  intracellular  activities 
of  new  anticancer  agents  and  to  provide  information  that  would 
optimize  the  clinical  use  of  these  drugs  or  their  analogs. 

Studies  with  aphidicolin  indicate  that  inhibited  cell  growth  can 
be  reversed  by  drug  washout  for  up  to  18  hours  after  exposure. 
This  may  be  accounted  for  by  the  fact  that  aphidicolin  seems  to 
act  specifically  on  the  DNA  polymerase  and  not  on  pre-formed 
DNA. 

Studies  on  taxol  indicate  that  taxol  acts  as  a  promoter  of  calf 
brain  microtubule  assembly  jji  vitro,  in  contrast  to  plant 
products  such  as  colchicine  and  podophyllotoxin,  which  inhibit 
assembly.   Taxol  decreases  the  lag  time  for  microtubule  assembly 
and  shifts  the  equilibrium  for  assembly  in  favor  of  the  micro- 
tubule, thereby  decreasing  the  critical  concentration  of  tubulin 
required  for  assembly.   In  the  absence  of  the  drug,  the  critical 
concentration  observed  is  0.2  mg/ml  (1.8  yM) .   In  the  presence 
of  5  yM  taxol  the  critical  concentration  decreased  to  _<  0.01  mg/ml 
(0.08  MM) . 
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Wayne  State  University  (ROl  CA-23243-03) .   David  Kessel  - 
Principal  Investigator.   This  project  is  designed  to  characterize 
effects  of  selected  antitumor  agents  on  cell-surface  and  membrane 
components  of  the  tumor  cell.   Adriamycin  seems  to  have  such  an 
effect.   P388  leukemia  cells  exposed  to  adriamycin  markedly 
increase  incorporation  of  fucose  into  membrane  glycoproteins 
and  increase  cell  surface  electronegativity.   Cell  surface 
hydrophobicity  and  incorporation  of  thymidine  into  DNA  decreases. 
This  is  opposite  to  the  effects  of  cesalin  on  the  L1210  leukemia 
line  where  cell  surface  hydrophobicity  increases  while  electro- 
negativity decreases. 

Joseph  Stokes,  Jr.,  Research  Institute,  Children's  Hospital  of 
Philadelphia  (IROl  CA-23147-03) .   William  A.  Creasey  -  Principal 
Investigator.   The  aim  of  this  project  is  to  identify  mechanisms 
of  action  of  new  agents.   Primary  mouse  tumor  systems  used  are 
Sarcoma  180,  Leukemia  L1210,  and  a  Neuroblastoma  model.   Cultured 
human  cell  lines  of  neuroblastomas  and  brain  tumors  are  also 
available  for  some  experiments. 

Dichloromethotrexate,  ellipticine,  prospidine,  and  anthracene- 
dione  have  been  investigated  during  this  past  year  and  reports 
of  thse  studies  are  being  presented  at  annual  scientific 
meetings.   Briefly,  both  prospidine  and  anthracenedione  have 
interesting  effects  on  cell  membranes,  as  measured  by  concana- 
valin  A,  a  stimulated  agglutination.   This  will  be  further 
examined. 

Dichloromethotrexate  inhibits  thymidylate  synthetase  obtained 
from  human  lines  at  a  greatly  lower  concentration  than  when  it 
is  obtained  from  mouse  lines.   The  reason  for  this  is  under 

investigation. 


DRUG  MANAGEMENT  UNIT 

The  Drug  Management  Unit  (DMU)  is  responsible  for  monitoring  the 
distribution  of  anticancer  drugs  to  insure  conformance  for  Food 
and  Drug  Administration  (FDA)  regulations.   The  Unit  is  staffed 
by  a  technical  information  specialist,  a  drug  distribution 
technician,  and  a  pharmacist.   The  Unit  verifies  and  authorizes 
requests  made  for  drugs  by  investigators.   It  also  manages  a 
computer  data  base  and  a  support  services  contract  which  supplies 
information  for  drug  request  verification.   The  computer 
verification.   The  computer  system  additionally  supplies 
protocol  monitoring  information  and  specialized  drug  management 
information.   The  Unit  coordinates  specialized  distribution 
under  International  Agreements,  Group  C  drug  distribution,  non- 
NCI  INDs ,  and  reviews  non-clinical  drug  requests.   It  assists  in 


733 


the  coordination  of  drug  supplies  by  providing  drug  estimates 
and  projections.   The  Unit  coordinates  the  notification  to 
investigators  of  adverse  drug  reaction  information. 

Some  special  accomplishments  in  1979  included  the  further 
completion  of  the  verification  data  base,  the  conversion  from  a 
report-oriented  system  to  on-line  operation,  and  the  development 
of  a  procedure  to  re-register  investigators. 
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Project  is  designed  to  investigate  the  effects  of  cancer 
chemotherapeutic  agents  on  cell  cycle  progression  based  on  their 
cytotoxicity  in  an  in  vitro  L1210  murine  leukemia  system.   DNA 
content  distribution  (DCD)  curves  are  generated  with  the  use  of  a 
flow  microf luorometer  and  drug  treated  curves  are  compared  with 
steady  state  DCD  curves  after  analysis  by  computer.   An  attempt 
to  classify  these  agents  as  to  their  mode  of  action (anti- 
metabolite, etc.)  by  computer  analysis  is  in  progress. 
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Project  Description: 

This  project  is  concerned  with  development  of  techniques  for  the 
analysis  of  drug  effects  on  the  progress  of  cells  through  the 
proliferative  cell  cycle  and  their  application  to  (a)  the 
characterization  of  therapeutically  active  drugs  and  (b)  the 
identification  and  possible  action  of  agents  with  potential 
therapeutic  activity.   The  major  methods  employed  are  (a) 
mammalian  cell  culture  (L1210  murine  leukemia  in  suspension) , 
(b)  flow  microf luorometric  (FMF)  determination  of  cell  DNA 
content  using  hypotonic  citrate/propidium  iodide  stained  nuclei 
in  a  Cytof luorograf  (Bio/Physics  System;  Model  4801)  interfaced 
with  a  multichannel  pulse  height  analyzer  and  (c)  processing, 
analyzing,  and  plotting  cell  DNA  content  distribution  (DCD) 
curves  by  computer. 

During  the  current  year,  the  following  drugs  were  evaluated: 
deoxycoformycin  (NSC-218321) ,  Yoshi-864  (NSC-102627) ,  cyclo- 
leucine  (NSC-1026) ,  nafoxidine  (NSC-70735) ,  aphidicolin  (NSC- 
234714) ,  and  continuing  studies  with  5-methyltetrahydrohomo- 
folate  (NSC-139490) . 

A  collaborative  study  with  Dr.  Ted  Breitman  evaluating  the 
effects  of  retinoic  acid  and  hydroxyurea  effects  on  human 
promyelocyte  differentiation  i^  vitro  was  done. 

Additional  studies  were  conducted  with  Dr.  George  Johnson  on  the 
effects  of  a-picolinic  acid  and  analogs  on  the  cell  cycle  effects 
using  normal  rat  kidney  cells  and  SV-40  transformed  cells. 

Major  Findings: 


NSC         NAME 

218321  Deoxycoformycin 

102627  Yoshi  864 

1026  Cycloleucine 

70735  Nafoxidine 

234714  Aphidicolin 


ID^Q(yg/mi; 


DCD  Effect 


1.2* 

N.A. 

0 

N.A. 

1* 

N.A. 

8.4 

N.A. 

0.33 

transient  G,/S 
block;  slow  traverse 

thru  S  phase 

^mg/ml 


Deoxycoformycin  was  relatively  non-cytotoxic  per  se  but 
potentiated  the  cytotoxicity  of  6-chloropurine  riboside, 
not  potentiate  6-chloropurine. 


It  did 
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The  DCD  curves  for  the  other  listed  drugs  have  not  been 
evaluated  as  yet.   Aphidicolin  was  reported  in  the  literature 
to  be  a  cell  synchrony  agent  using  HeLaS2  cells  with  blockage 
occurring  at  the  G-./S    interface.   It  also  is  reported  to  not 
inhibit  a  number  or  the  enzymes  that  HU  and  TdR  (other 
synchronizing  agents)  do  inhibit.   However,  in  L1210  tissue 
culture  there  was  only  a  transient  block  at  the  G,/S  inter- 
face with  subsequent  escape,  slow  passage  thru  S  phase  followed 
by  cell  death. 

A  toxicologic  study  in  non-tumor  bearing  mice  was  conducted  with 
combinations  of  5-methyltetrahydrohomof olate  (THHF)  in 
combination  with  leucovorin  and  Probenecid  at  doses  reported  to 
be  therapeutically  active.   THHF  (3200  mg/kg)  alone  was  partially 
toxic;   Probenecid  (500  mg/kg)  alone  produced  initial  lethargy 
(  12  hours)  but  all  mice  survived.   Leucovorin  (500  mg/kg)  was 
non-toxic.   Combination  of  THHF  and  probenecid  were  100%  toxic 
in  3  hours.  Combination  of  THHF  and  leucovorin  gave  80% 
survival . 

In  a  therapeutic  study,  male  CFD   mice  inoculated  with  L1210  on 
day  O,  were  treated  with  THHF,  (1600  mg/kg),  leucovorin  (750  mg/ 
kg),  probenecid  (250  mg/kg)  alone  and  in  combination.   There  was 
no  acute  toxicity  seen  with  these  doses.   However,  there  also 
were  no  increased  ILS  for  THHF  alone  or  in  combination  with 
leucovorin  or  probenecid. 

A  radiolabeled  uptake  study  with  THHF  in  the  absence  or  presence 
of  leucovorin  revealed  that  the  cytotoxic  potentiation  by 
leucovorin  is  not  due  to  an  increase  in  the  transport  rate  of  the 
drug.   In  fact,  there  is   25%  inhibition  of  transport  at  the 
maximal  concentration  of  leucovorin. 

PUBLICATIONS: 

Kempner,  E.S.  and  Dion,  R.L.   Absolute  DNA  Determinations  by  Flow 
Microfluorometry.   J.  Protozool,  26:   630-631,  1979. 
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RADIOTHERAPY  DEVELOPMENT  BRANCH 

I.  Introduction 

The  Radiotherapy  Development  Branch  (RDB)  is  concerned  with  the 
applied  (pretherapeutic)  development  of  cancer  treatment  modalities 
utilizing  ionizing  and  nonionizing  radiations  and  the  investigation 
of  means  of  enhancing  the  biological  effects  of  these  radiations. 
The  RDB  supports  the  basic  and  applied  pretherapeutic  research  and 
development  activities  by  grants  or  contracts  and  uses  similar  fund- 
ing mechanisms  to  introduce  new  or  improved  conventional  radio- 
therapeutic  modalities  or  techniques  into  clinical  trials. 

II.  Personnel 


1.  David  A.  Pistenma,  M.D.,  Ph.D.  -  Chief 

2.  Francis  J.  Mahoney,  Ph.D.  -  Deputy  Chief/Program  Director  for 
Radiation 

3.  Thomas  A.  Strike,  Ph.D.  -  Project  Officer  for  Brain  Tumor  Study 
Group 

4.  W.  Barrie  G.  Jones,  Ph.D.  -  Program  Director  for  Radiation 
Biology  and  Physics 

5.  Ms.  Bonnie  Rabbitt  -  Secretary  to  Chief 

6.  Mrs.  Ethel  Wheeler  -  Secretary  to  Deputy  Chief 

7.  Ms.  Maureen  Volz  -  Statistical  Assistant  for  Brain  Tumor  Study 
Group 

8.  Ms.  Jan  Wright  -  Part-time  Secretary  for  RDB 


III.  Goals  and  Objectives 

The  goals  and  objectives  of  the  Radiotherapy  Development  Branch 
research  program  are  presented  in  Table  1. 

TABLE  1 

Goal  1  -  Improve  the  Results  of  Photon  and/or  Electron  (Low  LET) 
Radiotherapy 

Objective  1  -  Improve  tumor  delineation  and  treatment 
planning  techniques 

Objective  2  -  Evaluate  alternative  time,  dose,  and  fraction- 
ation schedules  and  alternative  radiotherapy 
delivery  systems  and/or  techniques 

Objective  3  -  Expand  investigations  of  the  scientific  basis 
for  low  LET  radiotherapy  improvements 
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Goal  2  -  Evaluate  Neutron  and  Heavy  Charged  Particle  (High  LET) 
Radiotherapy 

Objective  1  -  Develop  or  adapt  technology  to  exploit  the 

biological  and  physical  advantages  of  high  LET 
radiotherapy 

Objective  2  -  Evaluate  the  clinical  effectiveness  of  neutron 
radiotherapy  systems 

Objective  3  -  Evaluate  the  clinical  effectiveness  of  protons, 
pions,  helium  ions,  and  heavier  ions 

Objective  4  -  Expand  investigations  of  the  scientific  basis 
for  high  LET  radiotherapy  improvements 

Goal  3  -  Evaluate  the  Clinical  Significance  of  Modifying  the  Response 
of  Tumors  and  Normal  Tissues  to  Radiation 

Objective  1  -  Evaluate  the  role  of  chemical  radiation 
sensitizers 

Objective  2  --  Evaluate  the  role  of  hypoxic  cell  radiation 
"^  sensitizers 

Objective  3  -  Evaluate  the  role  of  radiation  protectors  (of 
normal  tissues) 

Objective  4  -  Evaluate  the  role  of  hyperthermia  in  cancer 
treatment 

Goal  4  -  Evaluate  the  Clinical  Effectiveness  of  Combined  Modality 
Treatment 

Objective  1  -  Evaluate  the  clinical  effectiveness  of  rational 
combinations  of  radiotherapy  with  chemotherapy 
or  surgery  or  immunotherapy  or  combinations 
thereof 

Objective  2  -  Expand  investigations  of  the  scientific  basis 
for  combining  radiotherapy  with  chemotherapy 
or  surgery  or  immunotherapy  or  combinations 
thereof 

Goal  5  -  Establish  the  Tolerance  of  Critical  Normal  Tissues  to 
Radiotherapy  and  to  Combined  Modality  Treatment 

Objective  1  -  Evaluate  the  tolerance  of  normal  tissues  to 
low  LET  and  high  LET  radiations  alone,  in 
conjunction  with  radiation  modifiers,  and  in 
various  combined  modality  regimens  to  include 
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acute  and  late  somatic  effects,  second  malig- 
nancies, and  genetic  effects 

Objective  2  -  Expand  investigations  of  the  scientific  basis 
for  normal  tissue  injury  by  low  LET  and  high 
LET  radiations  alone,  in  conjunction  with 
radiation  modifiers,  and  in  various  combined 
modal ity  regimens 

Goal  6  -  Evaluate  the  Results  of  Treatment  and  Recommend  Additional 
Basic,  Pretherapeutic,  and  Clinical  Studies 

Objective  1  -  Develop  information  systems  to  insure  complete- 
ness of  data  collection  and  to  analyze 
treatment  results  in  terms  of  success  in 
eradicating  cancer  and  in  minimizing  acute  and 
late  effects  of  treatment 

Objective  2  -  Develop  recommendations  for  modification  of 
established  treatment  schemes,  for  basic  and 
pretherapeutic  research  to  test  new  hypotheses, 
and  for  clinical  research  to  evaluate  potential 
improvements  in  treatment 

I  v.  Radiotherapy  Development  Branch  Research  Program 

The  Radiotherapy  Development  Branch  research  program  is  composed  of 
individual  investigator  grants,  program  project  grants,  cancer 
research  emphasis  grants,  and  contracts.  The  total  costs  of  this 
program  in  FY  1979  are  shown  in  Table  2.  The  cancer  research 
emphasis  grants  are  included  under  the  individual  investigator  grants. 

A.   Individual  Investigator  and  Program  Project  Grants 

The  total  costs  of  the  FY  1979  individual  investigator  grants 
(RGl's  and  R23's)  are  shown  in  Table  3.  The  main  areas  of 
investigation  of  the  142  grants  under  the  supervision  of  the 
Radiotherapy  Development  Branch  are  grouped  according  to  the  six 
major  areas  of  investigation  (Table  1). 

The  program  project  grants  (POl's)  under  the  supervision  of  the 
Radiotherapy  Development  Branch  and  the  FY  1979  total  costs 
thereof  are  shown  in  Table  4.  The  areas  of  investigation  and  the 
funding  for  low  LET  and  high  LET  therapy  activities  are  identified 
in  the  table. 

The  funding  for  the  high  LET  research  program  for  FY  1979  is  shown 
in  Table  5.   It  should  be  explained  that  the  $12,834,248  for 
"Neutron  Gen.,  Facility  Const."  is  primarily  a  one-year  investment 
in  facilities  and  equipment. 
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TABLE  2 

RADIATION  DEVELOPMENT  RESEARCH  PROGRAM 

FY  1979 


TOTAL  COST 


Individual  Investigator  Grants 
Program  Project  Grants  (POl's) 
Cooperative  Group  Activities 
Brain  Tumor  Study  Group 
Rad.  Therapy  Oncology  Grp 
Radiologic  Physics  Center 
Contracts 

Radiosensitizer  Develop. 
Clinical  Neutron  Facil. 
Support 
Other  Grants 


;R01 's,  R23's) 


$  889,207 

2,366,482 

410,012 

400,000 
12,834,248 


$14 

21 

3 


,218 
,988 
,665 


,623 
,361 
,701 


13,299,137 


254,373 


$53,426, 

,195 

TABLE  3 

RADIATION  DEVELOPMENT  RESEARCH  PROGRAM 

FY  1979  INDIVIDUAL  GRANTS  (ROl's,  R23's) 

AREA  OF  INVESTIGATION                     TOTAL  ( 

:OST 

Low  LET  Rad.  Improvements                 $  7,717 

,882 

Clinical  Studies  (5)           $  461,394 

Low  LET  Radiobiology           5,984,200 

Animal  Turn.  Stud.  (8)  $  956,916 

Cellular  Studies  (23)   2,554,240 

Normal  Tiss.  Eff.  (4)     357,649 

Sub-Cellular  Stud.  (16)  1,373,879 

Miscellaneous  (7)        741 ,516 

Radiologic  Physics  (9)           755,749 

Miscellaneous                  516,539 

Radioisotope  Stud.  (2)    184,020 

Other  (4)              332,519 

High  LET  Radiobiology  (16)                 1,861 

,202 

Radiation  Modifiers                       2,722 

,358 

Hyperthermia  (27" 
RS/RP  (5) 


2,243,432 
478,926 


Combined  Modality  Stud.  (12)  1,709,319 

Normal  Tissue  Injury  207,862 
Carcinogenesis  (3)         129,395 

Effects  Irr.  on  Imm.  (1)      78,467  _______ 

TOTAL  (142)  $14,218,623 
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TABLE  4 
RADIATION  DEVELOPMENT  RESEARCH  PROGRAM 
FY  1979  PROGRAM  PROJECT  GRANTS  (POl's) 


AREA  OF  INVESTIGATION  LOW  LET  HIGH  LET      TOTAL 

Clinical  Stud,  and  Support  $  5,337,157  $  6,841,944  $12,179,101 

Hyperthermia  1,441,806  1,441,806 

RS/RP  560,859  560,859 

Radiobiology  1,543,956  1,182,825   2,726,781 

Radiologic  Physics  1,156,215   1,068,170   2,224,385 

Equip.  Dev.  929,048     929,048 

Miscellaneous  Studies  1,926,381  1,926,381 

Comb.  Mod.  (4)    $416,770 
Eff.  ChemoRx  on 
Stem  Cells  (1)     86,053 
Imaging  (2)       467,372 
Immunobiology  or 
Theraoy  (2)       186,957 
Norm.  Tiss.  Inj . (2)162,469 
Radioisotope  Label . 
Studies  (1)        58,517 
Viral  Oncogen.  (1)  47,748 
Other  (4)        500,495 

$11,966,374  $10,021,987  $21,988,361 

TABLE  5 

RADIATION  DEVELOPMENT  RESEARCH  PROGRAM 

FY  1979  HIGH  LET  RESEARCH 

AREA  OF  INVESTIGATION  TOTAL  COST 

Clinical    Studies  $19,985,323 

Clinical   Trials  $  6,841,944 

Clinical   Trials  Support  309,131 

Data  Mgmnt.  $254,373 

Physics       54,758 
Neutron  Gen.,  Facility  Const.  12,834,248* 

Equipment  Development  929,048 

Radiobiology  3,044,027 

Radiologic  Physics  1  ,068,170 

TOTAL     $25,026,568 
^Contracts  for  Neutron  Facilities 
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B.  Contracts 


1.  Phase  II  Study  of  Photoradiation  Therapy  (NO! -CM-9731 1 ) 

The  primary  objective  of  this  Phase  II  program  is  to  evalu- 
ate photoradiation  therapy  as  a  means  of  local  treatment  of 
various  malignancies  in  man.   It  is  planned  to  determine 
the  scope  and  limitations  of  photoradiation  and  to  identify 
those  situations  where  it  may  offer  a  unique  advantage  over 
existing  therapies  as  a  primary  modality  or  in  combination 
with  other  modalities.  First-year  progress  has  been 
satisfactory. 

2.  Assessment  of  Pvadiation  Therapy  Equipment  Needs  (NOl-CM-854061 

This  contract  was  scheduled  to  begin  its  third  year  in 
February  1980.  However,  funding  was  terminated  because  of 
restrictions  on  consulting  service  contracts.   In  the  two 
years  of  its  lifetime,  mutually  agreeable  tasks  assigned  by 
the  Project  Officer  included  (1)  Particle  Therapy  Equipment 
Study,  (2)  Megavoltage  Therapy  Equipment  Overview,  and 
(3)  Neutron  Leakage  Standards  for  Local  and  Regional  Hyper- 
thermia. This  contract  served  a  very  useful  purpose  in  the 
Radiotherapy  Development  Branch. 

3.  Registry  of  Radiation  Therapy  Complications  (NOl-CM-87175) 

The  objective  of  this  contract  is  to  establish  through  the 
Radiation  Therapy  Oncology  Group  (RTOG)  a  registry  of  radia- 
tion therapy  complications  involving  organs  in  which 
radiation  injuries  are  either  fatal  or  result  in  severe 
morbidity.  On  the  advice  of  the  Clinical  Oncology  Review 
Committee  this  contract  was  terminated  in  1980  after  two 
years  for  unsatisfactory  progress. 

4.  Radiosensitizer  Development  and  Testing 

Two  contracts  for  the  development  of  improved  radiosensiti- 
zers  have  been  in  effect  for  two  years.  One  is  with  the 
Institute  for  Cancer  Research,  Sutton,  England  (NOl -CM-771 39) 
and  the  other  with  Stanford  University-Stanford  Research 
Institute  (N01-CM-87206) .  Both  contracts  have  developed 
analogs  of  the  nitroimadazole,  misonidazole,  which  promise 
to  have  improved  therapeutic  ratios.  The  compounds  are 
being  evaluated  by  the  contractors,  by  NCI,  and  by  other 
investigators. 

5.  Neutron  Therapy  Contracts 

Three  contracts  for  clinical  neutron  therapy  research  were 
awarded  in  September  1979  to  (1)  the  University  of 
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California,  Los  Angeles  (NOl-CM-97315) ;  (2)  the  University 
of  Washington  (NOl-CM-97282) ;  and  (3)  the  Fox  Chase  Cancer 
Center-University  of  Pennsylvania  (NOl-CM-97314) .  The 
latter  facility  will  have  a  DT  neutron  generator  which  is 
scheduled  to  be  operational  in  early  1981.  The  other  two 
facilities  are  procuring  cyclotron  neutron  generators  which 
are  scheduled  to  be  operational  in  early  1983. 

Clinical  Research  Activities 

The  Brain  Tumor  Study  Group  consists  of  11  institutions  which 
contribute  yearly  about  200  patients  with  newly  diagnosed 
gliomas  to  protocols.  About  85  percent  of  these  patients  have 
a  Grade  IV  glioma  (glioblastoma  multiforme).  Another  200 
patients  are  entered  yearly  into  randomized  Phase  II  studies. 
About  35  percent  of  these  patients  have  Grade  IV  gliomas  and 
about  30  percent  Grade  III.  The  BTSG  protocols  have  been  four- 
arm  studies  with  the  exception  of  the  first  protocol  (66-01) 
which  evaluated  the  effectiveness  of  mithramycin  for  the  treat- 
ment of  malignant  gliomas. 

The  Radiation  Therapy  Oncology  Group  is  a  grant-supported 
clinical  cooperative  group  which  emphasizes  radiation  therapy 
clinical  research.  Although  protocols  do  involve  chemotherapy 
and/or  surgery,  the  primary  thrust  of  the  RTOG  is  radiation 
therapy-related  research.  Major  areas  of  effort  include 
(1)  improvement  of  low  LET  radiotherapy  through  radiosensitizers 
and  radioprotectors  as  well  as  hyperthermia  and  (2)  high  LET 
radiotherapy  research.  The  latter  activity  is  supported  in  part 
through  a  separate  RIO  grant.  The  clinical  high  LET  radio- 
therapy research  program  is  integrated  insofar  as  possible  into 
the  overall  plan  for  the  Group. 

The  Radiologic  Physics  Center,  well  established  as  a  most 
important  resource  for  the  cooperative  groups,  checks  calcula- 
tions and  treatment  plans  and  assists  in  the  calibration  of 
radiotherapy  machines  and  other  equipment  in  radiotherapy 
facil ities. 


V.  Working  Groups 

The  Council  of  Radiation  Oncology  Chairpersons  is  a  working  group 
consisting  of  the  chairmen  of  the  radiotherapy  committees  of  the 
contract  and  cooperative  groups.  Among  the  major  objectives  of  this 
working  group  are  (1)  the  development  of  a  toxicity  scoring  system 
for  radiation  therapy  which  will  be  used  by  all  of  the  groups  parti- 
cipating in  clinical  trials  and  (2)  the  development  of  guidelines 
for  quality  assurance  programs  which  will  be  adapted  by  each  of  the 
clinical  cooperative  or  contract  groups  (if  one  is  not  already  in 
existence).  The  Council  held  meetings  this  year  in  Rochester  and 
Atlanta. 
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The  Radiosensitizer/Radioprotector  Working  Group  consists  of  12 
representatives  from  the  scientific  community,  most  of  whom  are 
experts  in  the  development  of  and/or  investigation  (both  basic  and 
clinical)  of  radiosensitizers  and/or  radioprotectors .   In  addition, 
there  are  basic  scientists  who  provide  guidance  in  the  pharmaco- 
logical aspects  of  sensitizers  and  protectors.  The  Working  Group 
held  meetings  in  Key  Biscayne,  Florida,  in  October  1979  and  Bethesda, 
Maryland,  on  March  27,  1980. 


VI .  Workshops 

Because  there  is  no  direct  interaction  of  staff  in  grant-supported 
research,  the  ideal  goal  of  extensive  interactions  among  basic, 
pretherapeutic,  and  clinical  investigators  is  not  possible.  The 
Radiotherapy  Development  Branch  has  brought  together  investigators 
in  workshops  in  selected  areas  of  research  to  facilitate  the  transfer 
of  information  in  all  directions  in  the  research  logic  pathway. 

The  Radiotherapy  Development  Branch  during  the  past  year  sponsored 
numerous  workshops  and  working  group  meetings  in  areas  of  radiation 
research  as  follows: 

1.  October  26,  1979:  Combined  Modality  Research  Study  Group  Meet- 
ing in  New  Orleans  in  conjunction  with  the  annual  meeting  of  the 
American  Society  of  Therapeutic  Radiologists. 

2.  February  29,  1980:  A  workshop  on  local -regional  hyperthermia 
was  held  in  Bethesda,  Maryland,  at  which  time  representatives 
from  RTOG  and  numerous  institutions  active  in  hyperthermia 
research  exchanged  information. 

3.  March  14,  1980:  A  workshop  on  intraoperative  radiotherapy  was 
held  in  Bethesda  with  representatives  from  centers  performing 
intraoperative  radiotherapy  as  well  as  representatives  from 
institutions  considering  programs  in  intraoperative  radiotherapy. 
Clinical  studies  and  radiobiological  research  were  discussed. 

4.  March  26,  1980:  A  workshop  on  neurotoxicity  of  radiation  sensi- 
tizers in  Bethesda  included  presentations  on  neurotoxicity  with 
misonidazole  and  new  radiation  sensitizers  by  some  of  the  lead- 
ing experts  in  the  world. 

5.  April  18,  1980:  A  workshop  on  lung  injury  due  to  radiotherapy, 
chemotherapy,  and  combinations  thereof  was  held  in  Bethesda. 
Investigators  studying  injury  due  to  chemotherapy  and  radio- 
therapy (external  beam  and  internal  emitters)  as  well  as  injury 
by  noxious  substances  were  present. 

6.  April  22,  1980:  A  workshop  on  photoradiation  using  hematopor- 
phyrin  derivatives  was  held  in  Bethesda.   Investigators  from 
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the  U.S.,  Canada,  and  Australia  presented  the  latest  information 
on  basic  studies  in  cancer  detection  and  treatment  with  hemato- 
porphyrin  derivatives. 

May  9,  1980:  The  Brain  Tumor  Study  Group  held  a  semi-annual 
meeting  in  Bethesda.  One  half  of  the  day  was  devoted  to 
scientific  presentations  on  (1)  injury  to  the  brain  by  low  LET 
and  high  LET  (neutron)  radiotherapy  and  by  chemotherapeutic 
agents  and  (2)  new  advances  in  the  laboratory  and  in  the  clinic 
in  the  treatment  of  malignant  gliomas. 

May  16,  1980:  A  workshop  on  high  LET  radiotherapy  was  held  in 
Bethesda  with  representatives  from  all  of  the  facilities  now 
conducting  high  LET  radiobiology  and/or  clinical  research  as 
well  as  representatives  from  those  institutions  that  will  have 
high  LET  radiotherapy  facilities  in  the  near  future. 


VII .  Publications/Major  Presentations 

1.  Bagshaw,  M.A.,  Pistenma,  D.A. :  L'evoluzione  nel  trattamento  del 
cancro  del  la  prostata  nel  corso  di  venti  anni  di  esperienza. 

La  Radiologia  Medica  65(1 ) :389-397,  1979. 

2.  Pistenma,  D.A.,  Bagshaw,  M.A.:  Prostatic  adenocarcinoma: 
considerations  in  management.  Postgraduate  Medicine  67:4:135- 
145,  1980. 

3.  Pistenma,  D.A.:  Overview  of  Radiotherapy  Development  Branch 
Research  Program  to  Treatment  Subcommittee  of  NCAB.  January  19, 
1980,  Bethesda,  Maryland. 

4.  Pistenma,  D.A.:  Scientific  Projection  Paper  at  Open  Meeting  of 
Committee  on  Federal  Research  into  the  Biological  Effects  of 
Ionizing  Radiation.  March  11,  1980,  Bethesda,  Maryland. 

5.  Pistenma,  D.A.:  Presentation  to  Medical  Research  Council  Radio- 
sensitizer  Steering  Committee.  May  19,  1980,  London,  England. 

VIII.  New  Initiatives 

Plans  for  new  initiatives  in  radiotherapy  in  the  coming  year  include 
(1)  intraoperative  radiotherapy;  (2)  photoradiation;  (3)  high  LET 
radiobiology;  (4)  hyperthermia  equipment  evaluation  and/or  develop- 
ment; (5)  modification  of  the  therapeutic  ratio  of  chemotherapy  by 
radiosensitizers  and/or  radioprotectors;  and  (6)  further  studies  of 
normal  tissue  injury  due  to  radiotherapy,  chemotherapy,  and 
combinations  thereof. 
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